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NoOi dung mon hoc

Thoi lwong 1én 1&p: 3 tiét/tuan

Thi nghiém: lién hé thay Nguyén Van Thwc

Kiém tra gitra ky: khoang tuan 8 — 10

Kiém tra cudi ky: dé chung toan khoa.

Cau truc dé thi: 3 bai (9 diém) + 1 diém trinh bay
Chu y: tw luyén tap ky nang do khéng coé gio bai tap,
khong co bai tap Ion.

Mot sO bai tap ci tham khao:



NoOi dung mon hoc

l: Mach tuyén tinh & ché dé qua doé
II: Mach phi tuyén (xac lap, qua do)
V: Buwdng day dai (xac lap, qua do)



NoOi dung mon hoc

Phan II: Mach tuyén tinh & ché dd qua do
Chwong 10. Cac hién twong co ban

Chwong 11. Phuwong phap tich phan kinh dién
Chuwong 12. Phwong phap toan t&r Laplace



NoOi dung mon hoc
Phan Ill: Mach phi tuyén (xac lap, qua do)
1. Cac phan tlr va céac hién twong co ban trong
mach phi tuyén:
2. Ché d0 xac lap:
— Ngudn DC: ché db hang
— Ngudn AC: ché dé dwng

— Xép chéng DC+AC: phwong phap tuyén tinh héa
xung quanh diém lam viéc



Noi dung mon hoc
Phan I1I: Mach phi tuyén (xac 1ap, qua do)
3. Ché dd qua dé:
— Cac van dé chung

— Phwong phap tuyén tinh héa tirng doan

— Phwong phap cac bwdc sai phan



NOi dung mon hoc
Phan IV: Pworng day dai (xac lap, qua do)
1. Cac khai niém co ban cua duwdng day dai:
— Céc hién twong va thdng so co ban clia dwdng day
— Cac phuwong trinh co ban cua dwong day (tap trung
xét cho tin hiéu xoay chiéu diéu hoa)
2. Puong day dai & ché dé truyén céng suat (xac
ap)
— Hé phuwong trinh hyperbolic cua duwdng day dai
— Ma tran A twvong dwong cua duwdng day dai

— Giai mach dworng day dai & ché do truyén cdng suat



NoOi dung mon hoc
Phan IV: Bwdng day dai (xac lap, qua do)
3. Puwdng day dai & ché doé truyén song (qué do)
— Duwong day dai khong tiéu tan
— Mb hinh Petersen cho song danh t&i cudi dwdng day
— Giai qua trinh qua dé cho dwdng day don

— Qua trinh truyén song trén mach cé nhiéu dwdng day



Phan II: Mach tuyén tinh & ché do qua dé

Chwong 10. Cac hién twong co ban trong qua trinh qua dé
Chwong 11. Phwong phap tich phan kinh dién
Chuwong 12. Phwong phap toan t& Laplace



Chuong 10. Cac hién twong co ban trong qua
trinh qua do
10.1. Qua trinh qué dd trong mach tuyén tinh
10.2. Mét s6 ham dac biét trong qua trinh qué doé
10.3. So kién trwdc qua trinh qua doé
10.4. Dinh luat bao toan tir théng va bao toan dién tich

10.5. Bién trang thai va hé phwong trinh bién trang thai



10.1. Cac hién twong co ban

Pinh nghia vé QTQD: Qua4 trinh chuyén giao gida hai trang théi
xac lap.

Tai thoi diém t=0: khéa K déng vao. Cdc théng so:

E=12V;R=4Q;C =0,1F.

x i1(t) 12

E c il
® uc(t)l —

E khi t—>o 2
u(t) = .
0 khi t<0 o




10.1. Cac hién twong co ban

Cac nguyén nhan cua QTQDQTQD xay ra khi trong mach
dién co:

— Thay dbi vé gia tri ca phan tlr

— Thay dbi vé ban chat ctia phan to

— Thay dbi vé cau tric clia mach
— Thoi diém qué doé: 1a thoi diém xay ra thay déi trong
mach dién
Do mét so tin hiéu trong mach dién c6 “quan tinh” nén khi
xay ra thay déi trong mach, mach dién can mét théi gian dé
chuyén dbi sang trang thai xac l1ap maéi.



10.1. Cac hién twong co ban

Hai dang tin hiéu “co6 quan tinh” trong mach dién:

« dong dién qua cac cudn day

 dién ap trén cac tu dién

— Tin hiéu trong mach c6 thé 1a cac ham khéng lién tuc tai
diém qua dd (diém xay ra thay ddi trong mach dién)

u(ty) = u(ty) i(ty) #i(ty)

— Khi can xac dinh gia tri ttrc thoi ngay sau qua do: phoi
hop cac dinh luat va hé phuwong trinh K voi 2 dinh luat
vé bao toan dién tich va bao toan tcr thdng.

Chu v: Tinh chat “quan tinh” cta hai dang tin hiéu dwoc (rng dung dé
dung L va C dé bao vé cac phan tir trong mach dién trong cac qua
trinh qua do.



10.2. M6t s6 ham dac biét trong qua trinh qua do

Pé thuan tién cho viéc mé ta cac tin hiéu trong qua trinh
qua do, ta str dung mot s6 ham “dac biét” sau:

— Ham bwé&c nhay Heaviside

1(t) = u(t) = 1 khi t>0
T S 0o TkhE St D
— Ham xung Dirac
o khi t=0 i
o(t) = V, o(t)-dt=1
(®) {o khi tz0 F t_j_oo (1)

d
— Lién hé gilra hai ham trén: _1(t) — 5(’()
dt
Chu y: C6 sw khac nhau gitra mé td ngudn bang khda va moé ta bang ham
Heaviside:

e(t)=E,-1(t) ho/E e(t) =E,sin(awt+¢)-1(t)



10.3. So kién trworc qua trinh qua do

So kién: Gia tri ban dau cla tin hiéu trong qua trinh qua
dd. Tuy nhién tuy theo phwong phap ma ta can gia tri
ban dau ngay trudce thoi diém qué dé hoac gia tri ngay
sau thoi diém quéa dob.

Vi du:

- Phwong phap tich phan kinh dién can st dung gia tri
ngay sau thoi diém qua do (t,+).

- Phwong phap anh Laplace can s dung gia tri ngay
trurde thoi dieém qué do (ty-).




10.3. So kién trworc qua trinh qua do

Nguyén tac chung:

- Cac gia tri tin hiéu ngay truroc thoi diém qua do duwgc tinh tr mach
dién trwdc qud dé & ché do xdc lap.

- Cac gia tri tin hiéu ngay sau thoi diém qua dd dwoc tinh dwa trén
cac tin hiéu ngay trudc thoi diém qua dod + hai dinh luat bao toan
(ttr thdng, dién tich) + cac dinh luat Kirchhoff va “Ohm”.

- Pa sb cac trwdng hop st dung tin hiéu dong qua cudn day va dién
ap trén céac tu dién lam bién trang thai va so kién cla cac tin hiéu
nay can duwoc tinh — ta sé wu tién xét cac bién trang thai nay
trworc.

V4 V4

Chu y: Cé nhiéu trwérng hop tin hiéu f(t) 1a ham khéng lién tuc tai t=t, /a
thoi diém qua dé (f(ty-) # f(t,+)).



10.3. So kién truwd'c qua trinh qua do

Vi du mot s trwong hop tinh so kién trwwdc tho diém qua do:

a. Trwong hop “0°

i4(t i(t
% 1 5

Trwée qua dd nguon E, khdng dau ndi voi cac phan tlr con lai trong
mach nén ta co cac tin hiéu trong mach bang 0.
Uc,(0-) =01 5(0-) =0.



10.3. So kién truwd'c qua trinh qua do

b. Trwrong hop “DC”

Trwéc qua dd nguon E, chi ndi véi R, va C,:

Uc2(0-) = Ey;13(0-) =0.
Céac phan t&r con lai trong mach cé so kién bang 0:
Ir1(0—) =0;ug, (0-) = 0;1g5(0-) = 0;ug5(0-) = O;u  3(0-) =0,...



10.3. So kién truwd'c qua trinh qua do

c. Trwrong hop “AC”

e4(t) 1‘) C, ::l Ls é

Trwdc qua do ngudn e; chindi véi R; va C,: 1,5(0-) =0.

Pé tinh dwoc so kién trén tu C, ta can giai mach trwdc qua doé & ché
do xac lap. Néu nguon e4(t) 1a nguén bién thién thi cac tin hiéu trwde
qué doé ciling sé la tin hiéu bién thién va ta can xac dinh xem tai thoi
diém qua dd thi gid tri tére thoi cua tin hiéu bang bao nhiéu.

Néu nguon e,(t) 1a ngudn diéu hoa thi ta co thé dung anh phirc dé hd
tro tinh toan va giai mach.



10.3. So kién truwd'c qua trinh qua do

c. Trwrong hop “AC”

e4(t) 1‘) C, ::l Ls é

Vi du v&i mach trén:

Zco
Ri+Z¢,

Céac phan t& con lai trong mach cé so kién bang:
IRl(O_) 1 ...,URl(O—) T ""iRS(O_) = ""UR3(O_) i ""ULB(O_ — tragans



10.3. So kién truwd'c qua trinh qua do

d. Trwong hop “AC+DC”

oft)
) Re i(t) i~(1)
‘I, 7‘ 3 5
R‘I I2(t) v R3 i4(t) v R5

N0 c, ::l L, es0(})

Trwdc qua do, nguon E, (DC) va nguodn eg(t) (AC) tao tin hiéu trén
cac phan t& Ry, C,, L,, Rs va R;. C4c tin hiéu nay sé c6 ca thanh phan
mét chiéu va thanh phan diéu hoa do tinh chat xép choéng.

Pé tinh dwoc so kién trén tu C, va cudn day L, ta can giai mach
trwdc qua dd & ché dd xac lap véi tivng thanh phan tan sb va cong xép
chong két qua dé co dwoc cac tin hiéu theo ham thoi gian. Tt d6 xac
dinh duwoc cac so kién.




10.4. Dinh luat bao toan tr thdng va bao toan dién
tich

Dung dé hd tro xac dinh gia tri ttrc thoi cua cac dong dién qua cac
cudn day va cac dién ap trén cac tu dién ngay sau thoi diém qua
do.
ng dung cho céac trworng hop dac biét co thé chirng minh dwoc
tinh chat bién thién lién tuc cta da so trwérng hop dong dién qua
cudn day va dién ap trén tu dién.

« Hai dinh luat nay co6 dé wu tién thdp hon so v&i cac dinh luat
Kirchhoff va cac phwong trinh dac trwng ctia cac phan to.




10.4. Dinh luat bao toan tr thdng va bao toan dién
tich

 Phat biéu cla dinh luat bdo toan tir thédng: véi moi vong
kin bét ky, tdng tir thdng moc vong qua cac cudn day trong vong
kin d6 bién thién lién tuc qua thoi diém qua do.

RAGERATHES EAGE AN

(Do cac cudn day tuyén tinh co: W(t) = L-i(t))

[ A
Ngay trwédc qua do: .r = ——
¥,(0-)+¥,(0-)=0+L, 2 ElR 4 IR 5 |
_|__

Ngay sau quéa do: BRes Ry L Lol
W, (0+) + W, (0+) = (L, + L, )i5(0+) - (D l ’ E
T do suy ra:

L(04) =i, (04) = —— =

L,+L, R +R,



10.4. Dinh luat bao toan tr thdng va bao toan dién
tich
Chu y: Néu ta chon dwoc 1 vong (trong mach sau théi diém qua dd) chi
chira 1 cudn day L, thi dé dang chirng minh dwoc dong dién
qua cudn do bién thién lién tuc qua thoi diém qua do.

L i () =L i (t7) > i (to) =i (t5)



10.4. Dinh luat bao toan tr thdng va bao toan dién
tich

« Phat biéu clia dinh luat bao toan dién tich: véi moi nat bét
ky, tdng dién tich tich trén cac ban cuc tu dién ndi véi nat do bién
thién lién tuc qua thoi diém qua do.

Zk:CIk (tc;):ZK:CIk (to+)_>Zk:Ck “Uy (t6)=zklck - Uy (tg)

(Do céc tu dién tuyén tinh cd:  q(t) = C - u(t))

Vi du: Xét nut chung 2 tu C, va C.,. AU, 5t
Ngay trwédc qua do: Sy
12
q,(0-)+09,(0-)=C,-E, +0
- e S e E1CT> C, —— Cy
Ngay sau qua do:
0,(0+) +0;(0+) = (Cz +C, ) Uc, 5(0+)

Tw do suy ra:

C
Ue, (04) = Uq,(04) = A 5

2+3

E,



10.4. Dinh luat bao toan tr thdng va bao toan dién
tich
Chu y: Néu ta chon dwoc 1 nut bat ky (trong mach sau thoi diém qua
do) chi néi v&i 1 tu dién C, thi dé dang chirng minh dwoc dién
ap trén tu dién do bién thién lién tuc qua thoi diém qua do.

Ck-uk(tg):Ck-uk(tg)auk(tg):uk(to*)



10.5. Bién trang thai va hé phwong trinh bién trang
thal

Pinh nghia chung cla bién trang thai:

- Trong bai toan qua doé ta thuong chon bién trang thai 1a cac dong
déc lap qua cac cudn day va cac dién ap ddc lap trén cac tu dién.

« Hé phwong trinh bién trang thai: co thé bién dbi suy ra tw hé
phwong trinh Kirchhoff + cac phwong trinh dac trwng cda cac phan
tr.



10.5. Bién trang thai va hé phwong trinh bién trang

thal
Vi du: Mach hinh bén cé hai bién

trang thai la: U, (t);i,5(t)

(con duwoc goi la mach bac 2)
0

— can xay dwng hai phwong trinh

cho hai bién nay!

 Hé phuwong trinh Kirchhoff

" i (t) =
Upy (1) +Uco (D) —E; =
(U3 (D) + U 3(t) —Uc,(t) =

N\

i3(>t)_

() +13(t) @)

0
0

(2)
3)

« Hé phwong trinh cho hai bién dac trwng ue,(t) va iy (1)
(2) > Uga (1) = By + Ry - () = 0— 5 gy (1) — By + Ry - (i () +ia(t) ) =0

du '
— Uca(t) + Rl'CzﬁJr Ry -15(t) = E

(4)



10.5. Bién trang thai va hé phwong trinh bién trang

i3(>t)_

thai
«  Hé phwong trinh cho hai bién %
dac trng uc,(t) va i 5(t) R e Rs
(3) - Ry -ig(t) + L -%— =0 @ =@ °: “l
— Hai phwong trinh (4) va (5) lap

thanh hé hai phwong trinh cho
hai bién dac trwng ug,(t) va i 5(t)

{ du
Uco (t) +R; -G, <2

+R-3(t) = E

: di

Bai tap: Biéu dién cac tin hiéu trong mach dién trén qua hai bién dac trung
Uco(t) va i 5(t)



Chwong 11. Phuwong phap tich phan kinh dién

11.1. NOI dung phwong phap

11.2. So kién

11.3. Cac buwéc giai hé phuwong trinh vi — tich phan cua cac
bién trang thai



11.1. NOI dung phuwong phap

- S dung cho cac trwdng hop tinh dwoc trang thai xac lap sau qua dé

- Tin hiéu qua dé dworc coi la tdng (xép chéng) clia hai thanh phan:
thanh phan xac 1ap (sau qua dd) + thanh phan tw do

U(t) = Uy (1) +ugg (1); 1) =1, (1) +1g (1)
Xét mach vi du c6: R=5Q:C =0,1F. %

Khi dong nguoén 1 chiéu 12V ta co:
E=12V > u.(t)=12-12¢™~
Tai trang thai xac lap méi: ug,, = E =12
= Ugyg (£) = U (1) ~Ugy () = 1267

&
o
| |
| |

Khi dong nguén xoay chiéu 12sin(5t)V ta co:
e(t) = Eysin(wt) =12sin(5t) V — uc (t) =4,138-e°" + 4,456 -sin (5t — 68,20°)
Tai trang thai xac l1ap mai: u, (t) = 4,456-sin (5t — 68,20°)

—5 Ugyg (£) = U (1) = Ugy (1) = 4,138



11.1. NOI dung phuwong phap

Pé tinh thanh phan xac 1ap (do cac nguén con lai trong mach tac
ddng sau quéa do): str dung cac phwong phap da biét, tinh qua trinh
xac lap cho mach sau qua do

Pé tinh thanh phan tw do (do cac phan nang lwong chénh léch
trong cac tu dién va cubn day tao ra): T mach sau thoi diém qua
dd véi cac ngudn bang 0, chi con cac so kién trén tu dién hodc
cudn day cé thé khac 0.



11.1. NOI dung phuwong phap

1. Chon tap hop bién trang thai: vi du nhu:
- Cac dong nhanh,
- CA&c dién thé nut an,
- Céc dong vong an,

- Cac dong qua cac cuén day doéc lap va cac dién ap trén cac tu
dién doc lap,

2. Lap hé phwong trinh vi — tich phan cho tap hop bién trang thai

3. Xac dinh cac so kién (ngay sau thdi diém qué do)

4. Giadi hé phuong trinh vi — tich phan theo cac buwéc:
1. Dai s6 hoa hé phuwong trinh vi — tich phan
2. Lap phuwong trinh dac trwng
3. Tim cac nghiém dac trung

4. Tim céac hé sb dac trwng



11.2. So kién

« Heé phwong trinh vi — tich phan cho cac tin hiéu can tim u(t) va i(t)

« Can cac diéu kién bién dé co dwoc nghiém duy nhat

«  DPiéu kién bién thwdng dwgc cho & thoi diém bat dau qua do (t=t,)
hodc & thdi diém xac lap maoi (=)

«  Tuy thudc vao tirng bai toan cu thé, ta cé thé can cac so kién 1a
cac gia tri tiee thoi tai bién (u(ty), i(t;)) hoac gia tri cua cac dao ham
tai bién (U'(ty), u”(ty),... dé tim u(t) va i'(ty), i’(t,),... dé tim i(t))

« (Cacgiatri so kién trén co thé dwoc xac dinh tir hé phuwong trinh
Kirchhoff cia mach dién va cac hé phwong trinh hé qua thu dwoc
tr viéc lay dao ham ca hai vé cua hé phwong trinh Kirchhoff.

Chay: 1. Nén st dung dinh luat bao toan tt thdng va dién tich dé xac dinh cac
so kién cho cac i, va cac u. trwoc.
2. Tinh lién tuc cha ham sb va dao ham (cac cap) ciia mét ham sé tai
mot diém!



11.2. So kién

Vi du: Cho mach dién nhw hinh bén, WO i5(t)
Tinh cac gia tri tin hiéu trong mach va R Lol R3

dao ham l?éc 1 va 2 cua cac tin hiéu 3 CD c, ::l L, %
tai thoi dieém 0+ (ngay sau qua do).

Mét s tin hiéu trong mach:
Ig1(0+), Ug1(0+4),1c2(0+), Uc,(0+),1g5(0+), Ug3(0+), U 5(0+)

Pao ham cac cap cua céc tin hiéu do:

Ig1(0+), Ug1(0+),1c2(0+), Uc,(0+),1g5(0+), Ug3(0+), U 5(0+)

Ig1(0+), Ug1(0+),1c2(0+), Uc, (0+),1r5(0+), Ug3(0+), Uy 5(0+)

Hé phuwong trinh Kirchhoff ciia mach dién (sau thdi diém quéa do):

I, (t) = L()+15() @)
1 U () +uc,()-E = 0 (2)
(Ugs(t) +Up5(t) —Uc,(t) = 0 (3)



11.2. So kién

Cac so kién gia tri tire thoi cua tin hiéu: W0

Cac tin hiéu bién thién lién tuc: R Lol R
Ucr(0—)=E > us,(0+)=E

; C2( ) - C2( ) E, (T) C2 ::l
I13(0-) =0—1,5(0+)=0

Cac tin hiéu con lai:

Céc so kién dao ham bac nhat cda tin hiéu (c6 thé tinh tir hé phuong
trinh Kirchhoff hodc tir cac phurong trinh ddc trung cla céc phan tu:

i (0+) =0 > UL (0+) = 0;u, 5(0+) = E —>i{ 5(0+) = LE

3
(2) = Ryi! (t) + U, (t) =0 — i/(0+) =0 —> U4, (0+) =0

3 ek E-R
I15(0+) = i — Ugs(0+) = . :
3 3




11.3. Cac budc giai hé phwong trinh vi — tich phan

cla cac bién trang thai

Céac bwdc chi tiét gom:

1.
2.

Tinh thanh phan xac lap sau qua dé

Lap hé phwong trinh bién trang thai cho mach sau qua dd (cé thé
dwa trén cac phwong trinh Kirchhoff), cho cac ngudn bang 0 dé cé
dwoc hé phwong trinh cho thanh phan tw do.

Pai s6 hda hé phwong trinh cho thanh phan tw do clia cac bién dac

trurng
(dtf)—> p-u(); [u()- dt—>6 u(t)j

Xac dinh da thirc dac trwng (khai trién dinh thire cdia hé phwong
trinh da dai s6 hoa) va cac nghiém cda da thire dac trung.

Xay dwng dang nghiém cutia hé va st dung cac so kién dé xac dinh
cac hé sb cua nghiém.



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

Vi du minh hoa:
Xét mach vidu c6: R=5Q:C =0,1F. %

Tai t=0 ta dong ngudn 1 chiéu E =12V. o)
1. Tinh thanh phan xac lap sau qua dd: us,, = E =12 ® C—
2. Lap hé phwong trinh bién trang thai ug(t)

Un () +Uc () —E =0 — Rcddifwc(t)—E:o

dUcyg

+Ucyq (1) —0=0
3. Pai s6 hoa hé phwong trinh bién trang thai:

RC - p-Ugq (t) +Ucig (1) =0— (p-RC +1ucyy (1) =0



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

4. Xac dinh da thirc dac treng va cac nghiém cua da

x |1(t)
thire dac trwng. -
1
‘RC+Uey(1)=0—> p-RC+1=0>p=—" <0
(p ) Ctd( ) P P RC (TD c——
5. Xay dwng dang nghiém cua hé va st dung cac so
kién dé xac dinh cac hé sé ctia nghiém.

t
1 (L
=—— S Ug(t)=A-e”=A.e RC
P RC ctd (1)
Uc (1) = Ugy (1) + Ugyg (1) = Ugyg (0+) = U (0+) — U, (0+) = 12
t

Téng hop nghiém: :

Ug (£) = Ugyg () + Uy (t) =12-12-¢ RC =12-12.¢72



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

Tinh lai néu tai t=0 ta déng ngudn xoay chiéu . ()
e(t) = Eysin(at)=12sin(5t) V R
1. Tinh thanh phan xac lap sau quéa do: St dung (D
phwong phap anh phirc ta cé
Ucy (t) = 4,456 -sin (5t —68,20°)
Cac buwéc 2-3-4 twong tw nhw vi du trwéc

5. Xay dwng dang nghiém cla hé va st dung cac so kién dé xac dinh
cac hé so cua nghiém.
Ucrg (0+) = U (0+) — Ugyy (0+) =0—4,456 -sin (5t — 68,20°) = 4,138
U (1) = A-€7%" = Uy (04) = A=4,138 — Uy (1) = 4,138
Téng hop nghiém:
Uc (1) = Ugy (1) + Uy (1) = 4,456 -sin (5t — 68,20°) + 4,138 e '



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

Vi du minh hoa: I T e B R
Xét mach c6: E, =18V;R, = 2Q); MLy A

C, =0,5F;R, = 4Q; L, :}H; NO c, ::l Ly E
Tai t=0 ta dong khoa xuodng.

1. Tinh thanh phan xac lap sau qua do:

Rs =121, 35 = B =3.
R1 + R, Ry + R,
2. Lap hé phwong trinh bién trang thal Ucorg(t) Va i g4(t)
I, (t) = I(t)+i5(t) ()
Ups () +Uco () -Ey = 0 (2)

(URs(t) +Up5(t) —Uc,(t) = 0 (3)

(2) = Ry (in (1) +i5(t)) + U, (1) — E; =0 - R,C, dl;ctzz

Uy = E

A

du
= RCy gtz &+ Ryiigg (1) +Ugora (1) —0=0



11.3. Cac buwéce giai hé phwong trinh vi — tich

phan cla cac bién trang thai

2. Lap hé phuong trinh bién trang thai

Ucorg(t) va i 34(t)

: di
(3) = Ralz(t) + Ls d_f_ Uc,(t) =0

: di
— Ralgg (D) + Ls di,:d —Uca (1) =0

=M

i1()t)

3. Pai s6 hoa hé phwong trinh bién trang thai:

—> 9

—Ug g (1) +( PLs + Ry )iz (1)

\

(RiC, P - Ucog (1) + Ryigeg (1) + Ug og (1)
Ralgig (1) + Lo P I3y (1) —Uc g (1)

(PRC, +1)-Uapig () + Ryigg 1) = O

0

0
0



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

4. Xac dinh da thirc dac trieng va cac nghiém cua da thire dac trung.

{( PR,C, +1) Upprg (1) + Ryigg () = O
—Ucorg () +(PLs+ Rg)igg(t) = 0

b { PRC, +1 Ry ]{Ucztd (t)} o {O}
-1 PLs +Rs | | I3 (t) 0
PR,C, +1 R;

-1 pLs + Rs
— (pR,C, +1)(pLs +Rg)+ R, =0

— det

— p°+5p+6=0
— Pg =-2; p; =-3.



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

5. Xay dwng dang nghiém cuta hé va st dung cac so kién dé xac dinh
cac hé sb cta nghiém.

Po=-2;P1=-3>Ucpa(t) = Ay-e ™ + A-e iy () =By-e ™ +B; -

Do céc tin hiéu co6 hai thanh phan (mach bic 2) nén ta can 2 so kién
cho méi tin hiéu, cu thé 1a Ue,y(0+) VA U’ c,g(0+) dé tinh ug,(t) va
iata(0+) V& 3,4(0+) A& tinh izy(t) :

Ucotg (0+) = Ucp(0+) —Ucyy (0+) =18-12=6
I3tg (0+) = 13(0+) =13, (0+) =0-3=-3
T hai phwong trinh cho cac bién trang thai ta co:

duco _ Rilgg (1) + Ugog (1) > U g (04) = — 2GS R 0

dt RC 2.0,5
d|3td 8, uCth (t) ¥ R3|3td (t) 21 |é : (O-l—) 7 6-4- (_3) —18
dt 3 :




11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

5. Xay dwng dang nghiém cuta hé va st dung cac so kién dé xac dinh
cac hé sb cta nghiém.

IR Lo § 428t Uco (0+) =A+A =6
e TR _){ué)th (0+) =(-2)Ay+(-3)A =0
P {AU = 18

A= 2
i _R. .p2t a3t I3 (0+) =By +B =400
g (1) =By-€7° +B,-e _){iétd S s A
{BO = 9
9
et

Téng hop nghiém:
Yeg (t) = Ucax (t) + Uc g (t) =12+18- e_Zt e rDn, e_3t
i3 (t) T i3x| (t) + i3td (t) =3+09. e—Zt % e—3t



11.3. Cac buwéce giai hé phwong trinh vi — tich
phan cla cac bién trang thai

Nhan xét chung:

« Phwong phap tich phan kinh dién kha phtrc tap va dai, chi thuan tién
dé “nham” cac mach don gidn co ban nhw mach bac nhat R-C, R-L,
mach bac hai R-L-C ndi tiép, R-L-C song song.

« Trwdng hop mach bac N ta can giai da thirc bac N dé tim N nghiém,
sau do can tinh N so kién cho méi tin hiéu (vi du gdm gia tri tlrc thoi
va cac gia tri dao ham bac 1, 2, ..., N-1) sau dé giai hé N phuong
trinh N an dé tim cac hé sé twong &ng cho tirng tin hiéu.

« Chi phu hgp cho cac mach cé trang thai xac lap sau qua dd co thé
tinh dwoc dé dang (ngudn DC, nguén AC, ngudn tuan hoan,...).
Khéng phu hop cho cac dang ngudn khac nhw nguon Ae, ...



Chuwong 12. Phwong phap toan tir Laplace

12.1. Anh Laplace va tinh chat

12.2. Anh nguoc Laplace

12.3. Anh Laplace cda cac phan t&r mach dién
12.4. Anh Laplace cia mach dién

12.5. Hé phwong trinh cua mach anh Laplace

12.6. Phwong phéap gidi QTQD bang anh Laplace



12.1. Anh Laplace va tinh chat

a. Binh nghia chung cua anh Laplace (ky hiéu 0- cé y nghia cho trwdng
hop ham sb khéng lién tuc xung quanh diém 0)
f(t)=F(p)=L(f(t))= j f(t)-e P .dt

0%
Cchay: 1. Mot sb tai liéu khac sir dung bién s thay cho bién p
2. Ton tai cac dinh nghia va rng dung céc toan t&r Laplace v&i cac
cwc lay tich phan khac (nhw tly -o—_ hodc -°—0) nhwng LTM
khong str dung cac toan tir dé.

b. Mét sb vi du tinh toan don gian

f(t)=E, =const = F(p) = '[ EO-e_pt-dt:Eo-e_pt.(_E] _E
t=0 p t=0 p
() =Ep-e = F(p)= [ Ep-e® e Podt=Eye ™[ 2| - =0
t=0 pta),_, Pta




12.1. Anh Laplace va tinh chat

c. Mot s6 anh cla cac tin hiéu co ban

w [}
p2+a)2

f(t)=E,-sin(wt)< F(p)=E,

f(t) = By -cos(at) < F(p) = Eg——
P +w
@COS@ + pSing
p2_|_a)2
pCcose —wsing

p2+a)2

f(t)=E,-sin(at+¢) < F(p)=E,

f(t)=E,-cos(wt+¢)<= F(p)=E,



12.1. Anh Laplace va tinh chat

d. M6t so tinh chat co ban cta anh Laplace

Tuyén tinh
L(f,(1) = R(p); L( (1) =F,(p) =

'B(al' fi(t)+a,- fz(t)):al'Fl(p)+a2'F2(p)
3  4(5-cos60°+ p-sin60°)

| : 2
L(2+3sin(t) +4sin(5t +60°) ) = — + +
( ® ( )) P p2+1 p2+25
Anh dao ham (st dung cho ...)

df z
£(f(t)):F(p)+£(Ej= p-F(p)=F(07)
Dich gbc thdi gian (st dung cho ...)

L(f()=F(p)—>L(f(t-Ty))=F(p)-e P



12.2. Anh ngwoc Laplace

a. Binh nghia anh nguwoc

O'+j

F(p)—> L (F(p))= f(t)_—llm F(p) ePt.dt

T jT>ndo
Tuy nhién cong thire trén khong thwe s thuan tién cho viéc tinh toan
anh nguwoc. Trong cac bai toan ly thuyét mach, ta thwérng gap trwedng
hop F(p) la ty s6 cta hai da thirc theo p. Khi d6 ta c6 thé st dung
phwong phap Heaviside (cac trwérng hop don gian, ta co6 thé st dung
cac phwong phap phan tich trwc tiép thanh cac thanh phan co ban va
xép chong cac anh nguwoc).



12.2. Anh ngwoc Laplace

b. Phwong phap Heaviside
Khi ¢6 tin hiéu F(p) dwoc biéu dién theo ty s6 hai da thire F,(p)/F,(p), ta
thwe hién tuan ty theo 3 buéc:

1. Tim nghiém cta da th&rc mau sb (tam chi xét trwong hop da thire co
nghiém don): p=? dé F,(p)=0.

2. Tinh cac hé sb twong (rng v&i nghiém:
A‘ 1 Fl(p)
F(P)] .
3. Toéng hop nghiém (néu p; 1a cac nghiém don)

f(t)=> A-eP' cho t=t,
i



12.2. Anh ngwoc Laplace

b. Phwong phap Heaviside
Cac trwdong hop nghiém:
- Nghiém don:
«  Chi gébm cac nghiém thuc
«  Co6 mdt sd nghiém ao
- Nghiém kép (tw tham khao)

Chu y: Trwong hop nghiém phirc don ta cé cac cap nghiém la cac sbé phirc lién
hop. Khi d6 cac hé sb twong &rng ciing 1a cac sé phre lién hop.

1.p; ZP?—NAﬁ :AT

2.p;=p; > A-ePt+ A e" =2|A R cos(Im(p,) -t + £A)
ho/E nQu
p;=a+ jb; A =ALp;p = p;

— APt A eP' =2. A-e* cos(bt+¢)=2- A-e®sin(bt + ¢ +90°)



12.2. Anh ngwoc Laplace

Vi du minh hoa nghiém thyrc:

U(p) = F(p) _12(p+1)(p+4)
F,(p)  p(p+2)(p+3)

1. Nghiém cutia da thirc mau sd: p, =0; p, =—2; p, = -3.

2. C4c hé sb twong &ng:

F(p)| _12(p+1)(p+4)
F2(0) o, 3p°+10p+6 |

A = —> Ay =8,A =12; A, =-8
3. Téng hop nghiém
3
ut)=> A-ePt=8+12e%" —8e™* (cho t>0)
i=1

Cha y: Trwérng hop mach 6n dinh va da thirc mau sbé cé cac nghiém thuc thi ta
khéng co nghiém dwong!



12.2. Anh ngwoc Laplace

Vi du minh hoa nghiém phtrc:
_R(p) _12(p+D)(p+4)
U(p)_ & 2
F,(p)  p(p®+4p+5)
1. Nghiém cta da thi'c mau sé:  p,=0;p, =2+ j;p, =—2— j.

2. Céc hé sb twong wng:

e alees e R e

B(P)l,_, 3p°+8p+5 |

— A =1,2-j8,4=8,4855£-81,87% A, = Af =1,2+ j8,4=8,485x81,87°
3. Téng hop nghiém (cho t=0)
3
It)=>"A-eP'=0,6+2-8485-e -cos(t—81,87°) =9,6+16,97 -e *' -sin(t +8,13°
i=1
Cha yv: Trwérng hop mach 6n dinh va da thiec mau sé c6 cac nghiém phie thi
thanh phan thwc cia cac nghiém khéng dwoc la sd dwong!



12.3. Anh Laplace cla cac phan t& mach dién

Y twdng chung:

i(t) I(p)
@e¢e—— |——eo@p —Pp @¢—— +—o00O

u(t U(p)

Cac phan tl co ban cia mach dién:
a. Nguon ap:

&(t) i E(p)

i(t)
@ o—> @ oo —Pp (@o— @ ' X)
-
Upa(l) Upa(P)

Ups (1) = e(t) —=—>U. (p) = E(p)



12.3. Anh Laplace cla cac phan t& mach dién

Cac phan tlr co ban cia mach dién:
b. Ngudn dong:

i) Jp)
() Lb(P)
@ o——(>) c® —» @) *®

‘—
u() U(p)

i (1) = () —=— 1,4 (p) = 3(p)

c. Dién tro:
i(t) R(C2) I(p) R(€)
@ o——] —eo () —P (@ 0—>— ———eo (b
—> —b
l U(p)

u(t) =R-i(t)—=£>U(p) = £(u(t)) = £(R-i(t)) = R- £(i(t)) =R-1(p)



12.3. Anh Laplace cla cac phan t& mach dién

Cac phan tlr co ban cia mach dién:

d. Cudn day:
i KA L) PpL /\L-i (0-)
@ e——ii> *® —» @ fii—>)—20
-  » -
Ugp(t) Uap(P)

u(t)=L-3i =S U(p)zﬁ(L-ﬂszﬁ(ﬂ):L-(pﬁ(i(t))—i(O—))

dt dt
= pL-1(p)—L-i(0-)
e. Tu dién:
1 ug(0)
i o pC p
.ab(tl II .© _} @lab(p) I @ .©
; U, (L) Uap(P)
- U p du du
1(t)=C- > | =L C-— [=C-L|— [=C-(pL(u(t))—u(0-
m=c-2 (p) ( dtj (dtj (p£(u(t))—u(0-))

u(0-)

1
—>U(|O)=E|(IO)+



12.3. Anh Laplace cla cac phan t& mach dién

Cac phan tlr co ban cia mach dién:
f. Cac cudn day cé hé cam:

|1(t) L,(H)
> ”661? *®
B
-x-L2
Uz(t)
(u(t) £ d|1 dﬁ
e R e _){ (0 = (pLy-1(p) - Liy (0-))+(pM - Iy(p) — Miy(0-))
Uy(t) = LZ-%—'§+M-% Uy,(p) = (pLy-1,(p)—Lyi(0-))+(pM - 1;(p) — Mi (0-))
L [Uie) = (Pl 11(p)+ PM - 15(p)) ~ Ly (0-) + Mi(0-))
Uy(p) = (pLy-15(p)+ pM - 11(p)) - (Lyi, (0-) + Miy (0-))
_);Ul(p) = (pLy-1y(p)+ PM - 15(p)) - E s (P)
Uy(p) = (ply-15(p)+PM - 15(p))—Epso(P)




12.3. Anh Laplace cua cac phan tir mach dién

- Khuéch dai thuat toan

V@i cac tin hiéu (u(t),i(t)) déu la 1
hinh sin nhw: @, (t), @, (1), o, (1) @ e>—{+

: | A ©
Trwdng hop gan ly twong (A<=): © >——

{i*(t):o;i(t):O

De (t) 22 A((Da (t)_(pb (t))

%{ﬁ(p):o;l(p):o =
¢c(p): A((Da(p)_(ob(p))

Trwdng hop ly twong (A= < ):

{ﬁ(t):o;i(t):o%{ﬁ(p):o;l(p):o
@, (1) = gy (1) ?.(P) =@, (p)




12.3. Anh Laplace cua cac phan tir mach dién

- Cac nguodn phu thudc

a) Nguon ap phu thudc ap
e(t)=k.uq(t
AN
@e < JO)
«
©e Upa(t)=e(t)

o(d

e(t):k'ucd (t)_> E(p):k'ucd(p)

b) Ngudn ap phu thuéc dong

e(t)=K.i 4(t)

e(t):k'icd(t)_)E(p):k'ch(p)



12.3. Anh Laplace cua cac phan tir mach dién

- Cac nguodn phu thudce

c) Nguén dong phu thudc ap
J(H)=k.u4t)

@ e >® o ®

lap(H=1(1)

©e
1G)

J(1) =K-Ugq (1) > I(p) =k -Ugy (p)

d) Nguén dong phu thudc dong

J(O=K.i4(t)

@ e >® e (®

Lap()=)(1)

©

lod (V)

@

J(O) =K-1g (1) > I(p) =K - 14 (P)



12.4. Anh Laplace cGia mach dién

Cha y: 1. V& cho mach sau thoi diém quéa do
2. C6 thé co6 cac ngudn phat sinh trén nhanh chira C hoac L
3. Chiéu cla cac nguodn dién ap phat sinh trén cac phan t& L, C va

cac nhém cudn day co hd cam!

i1()0 = i3(t)
S| R,

e, (1) C, ::l Ls E

I4(p) 13(p)
> —
R, 1 _T_lz(p) R
", T
s® .

p uC2p(0') CTD L3i5(0-)=0




12.5. Hé phwong trinh cia mach anh Laplace

Do &nh Laplace Ia toan ti tuyén tinh — hinh dang cac anh phwong
trinh K hoan toan twong tw cac phuwong trinh cho mach anh phtrc.

C6 thé ap dung tét ca cac phuwong phap da biét dé 1ap va giai mach
anh Laplace clia mach dién trong qua trinh qua do. Diém khac biét
so v&i mach anh phirc d6 1a cac hé s6 khong phai la sd phirc ma 1a
cac ham (ty so cac da thirc) theo p.




12.6. Phwong phap gidi QTQD bang anh Laplace

Ta xét trwong hop thei diém bat dau qua do tai t=0. Giai mach bang
phwong phap anh Laplace gom 4 buéc:
Bwd&c 1: Xac dinh cac so kién tir mach trudc qua doé & ché do xac lap.
Buwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do
Buwéce 3: Gidi mach &nh Laplace bang cac phwong phéap “twong ty”
nhuw mach DC va mach anh phirc AC — cac tin hiéu U(p) va I(p)
(tam théi chwa xét cong suat)
Buwdc 4: Tim anh nguwoc u(t)=L-1(U(p)),... (bang phwong phap
Heaviside):
4.1: Tim nghiém cla da thirc mau sb
4.2: Tim céac hé sb twong rng

4.3: Téng hop nghiém



12.6. Phwong phap gidi QTQD bang anh Laplace

Chay:

1.

Trwdng hop thei diém quéa do t, # 0, ta co thé dung phép dat bién
dich truc thoi gian t' = t — t, dé dwa vé gidi mach qua dd tait = 0.
Buwdc 1 va bwoc 3 cliia phwong phap van st dung cac phwong
phap da biét dé giai mach xac lap.

Do mach anh Laplace c6 thé cé cac ngudn phat sinh nén phwong
phap téng tré& twong dwong va phwong phap xép chdng khéng
thwe sw phu hop!

Trwdng hop mach cé mang hai ctra, ta thwdng chi xét mang hai
ctra thuan tré (khi do, trong mach anh Laplace ta sé cé cung mot
ma tran nhw doi véi trwdng hop xac 1ap). Bong thdi néu mang hai
clra c6 chira L va C thi ta sé khdng da théng tin dé xay dwng céac
ngudn phat sinh va tinh toan lai thdng s6 mang hai ct¥a trong
mach anh Laplace!



12.6. Phwong phap gidi QTQD bang anh Laplace

Cac vi du:

(0 Ol U e O e

Mach R-C nguoén 1 chiéu

Mach R-C ngudn xoay chiéu

Mach R-L-C ndi tiép c6 ngudn 1 chiéu
Mach R-L-C ndi tiép c6 ngudn xoay chiéu
Mach phuc hop

Mach c6é mang hai ctra

Qua dd co hé cdm

Mach c6 OP-AMP

Mach c6 nguén phu thuéc

=
&



12.6. Phwong phap gidi QTQD bang anh Laplace

Cac vi du:

1. Mach R-C nguén 1 chiéu
Giai mach dién qua dd nhw hinh vé, biét
E=12V;R=5Q0;C =0,1F.

-

Bwéce 1: Trwde qua do ta co u(0-)=0.

Buwéc 2: V& mach anh Laplace cho mach sau thoi diém qua do

_\_
©




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Giai mach anh Laplace

1
pC E E 12
Uc(p)=—2— == -
o, 1 p o p(pRC+1)  p(0,5p+1)
pC

Bwéc 4: Tim anh nguoc u(t)=L-1(U(p)),... (bang phwong phap Heaviside)

4.1: Tim nghiém cla da thirc mau s6 Py =0; p; =—-2.

4.2: Tim cac hé sb twong &ng

(g F(p)

F2(P) o,
4.3: Téng hop nghiém (Cho t=0)

Uc (t) = AgeP" + AeP' =12 -12¢™

12

_p+1

P=B;

®

S A =12 A =212



12.6. Phwong phap gidi QTQD bang anh Laplace

2. Mach R-C nguén xoay chiéu (0

Giai mach dién qua do nhw hinh vé, biét
e(t) = Eosin(a)t):lzsin(St) V:R=50:C =0,1F. e(t)

Bwéce 1: Trwde qua do ta co u(0-)=0.

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

_\_
©




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Giai mach anh Laplace

1 Eow
pC P’ + o’ 60
Uc(p) = E(p)= =
e (PRC+1) (p®+25)(0,5p+1)
pC

Bwéc 4: Tim anh nguoc

l41(p)

¢

P—

4.1: Tim nghiém cla da thirc mau s6: py =-2; p, = j5; P, =—j5(= IOI)

4.2: Tim cac hé sb twong &ng
A _R(p) . 60
' 2
F,(p) e 1,5p°+2p+12,5 =

— A, =4,138; A =-2,069 - j0,828 = 2,228 —158,20°
— A, = A =2,228158,20°
4.3: Téng hop nghiém (Cho t=0)

Uc (1) = Age®" + Ae™ + AjeP' =4,138-e7" +2.2,228. cos(5t —158,20°)

=4,138-¢7*" +4,456-sin (5t — 68,20°)

Bai tap: Kiém chirng lai két qua qua trinh xac lap sau qua do!



12.6. Phwong phap gidi QTQD bang anh Laplace

3. Mach R-L-C ndi tiép va ngudn 1 chiéu

i4(t)
Giai mach dién qua ddé nhw hinh vé, biét b R a
E =12V;R =90 L =1H:C = 0,05F. E@ -3
c =
Bwéc 1: Trwde qua dd ta ¢b ug(0-)=0, i (0-)=O0.

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

14(p)
. -

R
oL S
O
- R




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwdc 3: Giai mach anh Laplace 11(p)
R
E E 12
ozt P T p2r9p+20 (3 +2
Ri-plEd iz SHin2) ey et B 2D & i
R C E(p)=% p% —
Bwéc 4: Tim anh ngwoc

4.1: Tim nghiém cua da thi/c mau sé: Py, = —4; p; = —5.
4.2: Tim cac hé sb twong &ng
A Fl’( p) s w2
F(p) s 2p+9
4.3: Tong hop nghiém (Cho t=0)
i () =A™ + AP =12.e -12.¢7

— Ay =12; A =-12.
P=D;

Bai tép: 1. Tinh dién ap trén tu uc(t).
2. Kiém chirng lai voi tredng hop bd sé R-L-C cho nghiém phirc.

3. So sanh vé&i két qua tir phwong phap tich phan kinh dién.



12.6. Phwong phap gidi QTQD bang anh Laplace

4. Mach R-L-C ndi tiép va nguon xoay chiéu

% 1§
Giai mach dién qua dd nhw hinh vé, biét R
e(t)=12sin(2t) V;R=9Q;L=1H;C =0,05F. G%D - g
C —
Bwéc 1: Trwdce qua do ta co u(0-)=0, i, (0-)=0.

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

l41(p)
——




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Giai mach anh Laplace

5 24
I (D)= Bfp)r =i A A T 24p
R+pL+1 P> +9p+20 (p2+4)(p2+9p+20)

pC
Buwdc 4: Tim anh nguwoc

4.1: Tim nghiém clia da thirc mau s6: py=-4;p,=-5p, = j2;ps = —j2(: p;)
4.2: Tim cac hé so twong rng
) 24p
()|, 4p°+27p°+48p+36| _,
— Ay =-4,8;A =4,138; A, = 0,331+ j0,372 = 0,498448,37°
— A= A, =0,498 — 48,37°.
4.3: Tébng hop nghiém (Cho t=0)
i ()= AP + AeP' + AeP? + AP =—4,8.7 +4,138.™" +2.0,498- cos(2t + 48,37°)
=-4,8-e7* +4,138-¢ +0,996-sin (2t +138,37°)

A



12.6. Phwong phap gidi QTQD bang anh Laplace

Bai tép: 1. Tinh dién ap trén tu uc(t).

2. Kiém chirng lai v&i trudng hop bo sé R-L-C cho nghiém phirc? Khi
do tan so “riéng” va tan s6 nguon anh hwéng thé nao téi tin hiéu?

3. So sanh véi két qua tir phwong phap tich phan kinh dién.



12.6. Phwong phap gidi QTQD bang anh Laplace

5. Mach vi du khac: (1) is(t)
> X >—
Giai mach dién qua dd nhw hinh vé voi R Ll R,
2
E, =18 V;R, =2Q;C, =0,5F; . (D CZ__l -
Budc 1: Trwdc qua do ta co

Uc2(0-) = E; =181, 3(0-) =0;

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

14 (p) 13(p)
> P
R, 1 _T_lz(p) R

a® o
p 2™ M g




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Gidi mach anh Laplace (vi du theo phwong phap dién thé nat)

E,(p)
e Al (El(p)+R1C2Ucz(0—))(p|—3+R3) (18p+18)(p+4)

R
B s £
c2(P) 1 1 P°RiLsC, + p(R{RsC, + Ly ) + (R, +Ry) p(p2+5p+6)

—+pC, +
Ry e e B A

Bwéc 4: Tim anh nguoc

4.1: Tim nghiém cla da thirc mau sb: p, =0; p, =—2; p, =-3.

4.2: Tim cac hé sb twong &ng

_FR(p)| _(18p+18)(p+4)

FRi(p) i 3p®+10p+6
- Ay =12,A =18, A, =-12.

4.3: Téng hop nghiém (Cho t20)
Uco(t) = AgeP + AP’ + AP =12+18-¢7% ~12.¢ ™™

A

P=0;

Bai tap: 1. Tinh dong qua cudn day i 5(t).

2. Tinh lai mach v&i nguon e, (t) xoay chiéu diéu hoa (chd y so kién)



12.6. Phwong phap gidi QTQD bang anh Laplace

6. Mach cé mang hai ctra: :, | i
Giai mach dién qua dé nhw L1 > B
hinh vé, biét k
. . B ) LR [ [A] ”
E, =18 V;R, =2Q;C =0,25F; ’
Mang hai ctra thuan tr& cé ma tran
2 10
A= .
05 3

Buwéc 1: Trwde qua dé ta co: ue (0-) =12;i,,(0-) =0;

(do dau ra hd mach nén R, = a,/a,; =4 — 1, =3 - U, = 12)



12.6. Phwong phap gidi QTQD bang anh Laplace

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

R, i i
—{ ] >
T R2
=M a [A] U2
P u~(0-) pL
cIo ‘D 2

Bwdc 3: Gidi mach anh Laplace (vi du theo phwong phap dién thé nat + tong
tréd vao mang hai cira)

7o 4 % = =
" a, -Z,+a,, 05(p+4)+3 05p+5 p+10
E,(p) & 9
o R Sk _ (3p+9)(4p+36)
<(p)= 7 £,
i_|_ pC_|_ 1 1+O’25p+p+10 p(p2+12p+28)

R, Z 2 4p+36



12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 4: Tim anh nguoc

4.1: Tim nghiém cuda da tht/c mau so6:  p, =0; p, = -3,172; p, = —8,828.

4.2: Tim cac hé sb twong &ng

_F(p) :(3p+9)(4p+36)
()|,  3p°+24p+28 |

— A, =11,571; A =0,669; A, =-0,24.
4.3: Téng hop nghiém (Cho t20)

A

Uc (t) = Aje™ + AeP + AP =11,571+0,669-e 3172 —0,24.¢ 25

Bai tap: 1. Tinh dong qua cudn day i ,(t). Tinh cac tin hiéu khac trong mach.
2. Tinh lai v&i trwdng hop khdéa K mé ra.

3. Tinh lai mach v&i nguon e, (t) xoay chiéu diéu hoa (cha y so kién)



12.6. Phwong phap gidi QTQD bang anh Laplace

7. Mach cé ho cadm:

Cho mach dién nhw hinh vé, biét
e, = 2204/2sin(314t) V; o
R, = 2Q; L, =0,01H;

R, = 200); L, =0,02H; M =0,012H.

Buwdc 1: Trwdc qua do ta co:
i uE
R, + joly
—5 i, ,(0-) =59,095+/2 sin(-57,51°) = —49,846
I1,(0-)=0;

I, = 59,095 —57,51°




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do

220+/2 -314
E.(p)= > 3
p°+314
Epsl(p) =L -i4,(0-) =M -1 ,(0-) =-0,498.
E oo (P) = Lo-ii(0)~M iy (0-)=0508.  (DE®

Ry
pL4

O,

Eps’] (p)

M

®

MOV Y YN ()
* p %
pL,

p52(p)

Buwéce 3: Giai mach anh Laplace (vi du theo phwong phap dong vong)

1L (P) (R + pLy) = 15(p)-pM = E,(p)+Epu(P)
—1,(p)- M + 1, (p) (R, + pLy) = E 52 (P)

Giai hé ta c6 anh Laplace cua cac dong nhanh (cling la cac dong vong).

Bai tdp: 1. Hoan thién ndt cac tinh toan cho cac dong nhanh.

2. Tinh cho trwvdng hop khéa K mé ra.




12.6. Phwong phap gidi QTQD bang anh Laplace

8. Mach c6 OP-AMP:

Cho mach dién nhw hinh vé, biét
v;, (t) =12-1(t)V;

R=50;L=0,1H: — -
C =0,02F. Vin(?) + 7 walt)

Buwdc 1: Trwdc qua do ta co: L L L

Uc (0-) =0;1.(0-) =0;

L
(W)
R
Wy

Bwdc 2: V& mach anh Laplace cho mach sau thdi diém qua do



12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Giai mach anh Laplace



12.6. Phwong phap gidi QTQD bang anh Laplace

9. Mach c6 ngudn phu thudc:
Cho mach dién nhw hinh vé,
biét:

E,=24 V;J, =25l

R, =5Q; Ry =100;

R: =5Q;C, =0,2F;

Budc 1: Truwdc qua do ta co:
Us,(0-) =0;

Buwdc 2: Mach anh Laplace




12.6. Phwong phap gidi QTQD bang anh Laplace

Bwéc 3: Gidi mach anh Laplace (vi du theo phwong phap dién thé nat)

Bai tdp: 1. Hoan thién ndt céac tinh toan cho cac dong nhanh.

2. Tinh cho cac dang ngudn phu thuéc khac.



Phan Ill: Mach phi tuyén

Chuwong |: Cac khai niém, hién twong va cac bai
toan co ban
hwong Il: Mach phi tuyén & ché dé hang

hwong 1 Mach phi tuyén & ché dé dirng

hwong IV: Mach phi tuyén & ché dé xép chong

O O O O

hwong V: Mach phi tuyén & ché dd qua do



Chwong I: Cac khai niem, hién twong va
cac bai toan co ban
1.1. Cac phan t& phi tuyén

1.2. Mach dién phi tuyén
1.3. Hé phwong trinh Kirchhoff cia mach phi tuyén

1.4. Mot s6 phwong phéap gidi hé phwong trinh dai
sb phi tuyén
1.5. M6t s6 bai toan co ban trong mach phi tuyén



1.1. Cac phan t& phi tuyén

a. Cac phan ti tai tuyén tinh trong mach dién:

GomR, L,C, M

Phwong trinh dac trwng clia cac phan t& la phwong
trinh tuyén tinh
(Nhac lai) Binh nghia ham f(x) 1a ham tuyén tinh khi:

f (8% +a,%,) =, f (%) +2,f (x,)

Phan t& phi tuyén: 1a phan tl cé phwong trinh dac
trwng khéng phai lIa phwong trinh tuyén tinh




1.1. Cac phan t& phi tuyén

b. Cac phan t& tai phi tuyén trong mach dién:

b.1. Dién tr& R phi tuyén: i(t) /
P

—7
—_—

u(t)
- Phuwong trinh dac trweng quan hé u-i cua dién tro 1a
phwong trinh phi tuyén.
- C06 3 dang chinh dé md ta quan hé phi tuyén:
« Cho theo ham: u=f(i) hoac i=f(u)
« Cho theo d6 thi: BPwdng cong u=f(i) hoac i=f(u)
« Cho theo bang: Puwdng gap khuc tuyén tinh tirng doan



1.1. Cac phan t& phi tuyén

b.1. Dién tr& R phi tuyén (2)
Vi du:
- Ham phi tuyén
u(t) =5-i(t) +0,3-i%(t)
i(t)=0,2-u(t) + 0,001 u’(t)
Chuy:
- Théng thuwdng ta tam xét phan t& R c6 dac tinh doi
xtrng nén khi dé6 ham dac tinh Ia ham lé



1.1. Cac phan t& phi tuyén

b.1. Bién tr& R phi tuyén (3)
Vi du:
- Do thi dac tinh:

Chu y: ta thwdng co dac tinh
cho trong géc phan tw thiy
nhat, dac tinh trong géc phan
tw thir ba dwoc l1ay doi xirng
tam.

20

15

10

1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5



1.1. Cac phan t& phi tuyén

b.1. Bién tr& R phi tuyén (4)

Bang dac tinh: thwc chat twong dwong véi mét do thi

dwoc tuyén tinh hoa tirng doan.

- Poan dac tinh cudi cung dwoc ngam dinh 4 kéo dai ra

vé han. o T T T T T

uv)| 0 53 12,4 231 A
T ———

A |0 1 2 3 I
R R R R S
L i e
Bai tép: Xac dinh da thirc x4p xi Y S Gy]§:

cac diem da cho (bac cua da thirc
tr 1 dén (n-l)) @ 05 1l 15 2 25 3 3.5




1.1. Cac phan t& phi tuyén

b.1. Bién tr& R phi tuyén (5)
- Tw dac tinh cha phan tl ta c6 hai dang “khai thac” thong
tin chinh:

- Xac dinh cac gia tri tinh: toa do cua cac diém trén dwong dac tinh
(tr U—l, te | — U).

i=1, >u="f()=U,
u=f(i)=U, >i=f*(U,)=1,

- Xac dinh cac gia tri dong: goc nghiéng cla tiép tuyén tai mbi diém
cla dac tinh (i'(u=U,), u’(i=l,)) nham tién t&i nhiém vu tuyén tinh
hoa dac tinh xung quanh diém lam viéc



1.1. Cac phan t& phi tuyén

b.1. Bién tr& R phi tuyén (6)
Poan BC xung quanh diém A c6 thé dwoc xap xi bang tiép tuyén cia
dwdng dac tinh tai diém A:

BC:u=f(i)=a-i— —f(I—IA)I_(f(I_IA) U,)

5

bat bién mai:
45

u~a-l-Db 4
da— R@ng 35¢
3 AY
b— Eph,tsinh o Eps e
9qu®ng|_Eps 2

Céu hdi: 1. Gia tri dong tai diem
ndi cia dwdng gap khuc?

2. Gia tri Rggng khi c6 i=f(u)? .




1.1. Cac phan t& phi tuyén

L

b.2. Cuén day L phi tuyén: ® ;W\

- Phwong trinh dac trwng quan hé _ 5

ttr théng — dong dién ¥ — i cla u(t)
cudn day la phwong trinh phi tuyén,
- Quan hé ¥ — u bét bién (nhw L tuyén tinh): u(t) :cjj—"t”
— quan hé u-i cia cudn day ciing la quan hé phi tuyén.
- C06 3 dang chinh dé mé ta quan hé phi tuyén:
. Cho theo ham: W=f(i) hoac i=f(¥)
« Cho theo dd thi: BPwdng cong W=f(i) hoac i=f(¥)
» Cho theo bang: Pudng gap khuc tuyén tinh héa tirng doan



1.1. Cac phan t& phi tuyén

b.2. Cudn day L phi tuyén (2)
Vi du:
- Ham phi tuyén

w(t)=a-it) +b-i%t)

3 i(t)=a-y (1) +b-y°(t)
Chuy:

- Théng thwong ta tam xét phan t&r L c6 dac tinh doi
xtrng nén khi dé6 ham dac tinh Ia ham lé

- Tam th&i chwa xét hién twong tir tré (LTT, May dién)



1.1. Cac phan t& phi tuyén

b.2. Cudn day L phi tuyén (3)

Vi du:
- Do thi dac tinh:

Chu y: ta thwdng co dac tinh
cho trong géc phan tw thiy
nhat, dac tinh trong géc phan
tw thir ba dwoc l1ay doi xirng
tam.

30

3
T(10™ Wh)
25
20

15

10

1 1 | 1 1 1
0 0.5 1 1.5 2 25 3 3.5



1.1. Cac phan t& phi tuyén

b.2. Cudn day L phi tuyén (4)

- Bang dac tinh: thwe chat twong dwong véi mot do thi
dwoc tuyén tinh hoa tirng doan.

- Poan dac tinh cudi cung dwoc ngam dinh 4 kéo dai ra

vO han. s ’ I
e e
e

w(103Wb) |0 5,3 12,4 23,1 P A SR S S ___________
I(A) Uil 240 10 ......... S T —
Sy S
R




1.1. Cac phan t& phi tuyén

b.2. Cudn day L phi tuyén (5)
- T dac tinh cha phan tl ta c6 hai dang “khai thac” thong
tin chinh:

- Xac dinh cac gia tri tinh: toa do cua cac diém trén dwong dac tinh
(ttr p—I, e | — ).
=1, >w=10)=y,
& - Puf
y=10)=y,>1=1"(y,)=1,

- Xac dinh cac gia tri dong: goc nghiéng cla tiép tuyén tai mbi diém
cta dac tinh (i'(y = g ), W(i=l,)) nham tién t&i nhiém vu tuyén tinh
hoa dac tinh xung quanh diém lam viéc



1.1. Cac phan t& phi tuyén

b.2. Cudn day L phi tuyén (6)
Poan BC xung quanh diém A c6 thé dwoc xap xi bang tiép tuyén cia
dwdng dac tinh tai diém A:

BC:y=f(i)~a-i-b=f/(i=1,)i—(f(i=1,)1,-w,)

5 !

Twong tw: .

BC 1y = Lgyng 1 —¥ps :
35¢
3
2.5

2

Céu héi: Gia tri Lye, khi c6 i=f(y)?




1.1. Cac phan t& phi tuyén

b.3. Tu dién C phi tuyén: C
i(t
- Phwong trinh dac trweng quan hé I(l || /II
dién tich — dién ap g — u cua tu dién —

u(t)

- Quan hé q—i (nhw tu tuyén tinh):  i(t) =3—?

— quan hé u-i cta tu dién cling la quan hé phi tuyén.

la phwong trinh phi tuyén,

- C06 3 dang chinh dé mé ta quan hé phi tuyén:
e Cho theo ham: g=f(u) hoac u=f(q)
« Cho theo d6 thi: BPwdng cong q=f(u) hodc u=f(q)
» Cho theo bang: Pudng gap khuc tuyén tinh héa tirng doan



1.1. Cac phan t& phi tuyén

b. Cac phan t& tai phi tuyén trong mach dién:
b.3. Tu dién C phi tuyén (2)
Vi du:
- Ham phi tuyén
gq(t)=a-u(t)+b-u’(t)

u(t)=a-q(t)+b-o’(t)
Chu y:
- Théng thwdng ta tam xét phan t& C c6 dac tinh doi
xtrng nén khi dé ham dac tinh Ia ham |é.



1.1. Cac phan t& phi tuyén

b.3. Tu dién C phi tuyén (3)

Vi du:

- D6 thj dac tinh quan hé g-u:

Chu y: ta thwdng co dac tinh
cho trong géc phan tw thiy
nhat, dac tinh trong géc phan
tw thir ba dwoc l1ay doi xirng
tam.

q(nc)

30

25

20

15

10

1 1 1 | 1 1
0 0.5 1 1.5 2 2.5 3 3.5



1.1. Cac phan t& phi tuyén

b.3. Tu dién C phi tuyén (4)

- Bang dac tinh: thwe chat twong dwong véi mot do thi
dwoc tuyén tinh hoéa tieng doan.

- Poan dac tinh cudi cung dwoc ngam dinh 4 kéo dai ra

30 T

vO han. .

T o

quC) |0 53 124 231

uwv) [0 1 2 3




1.1. Cac phan t& phi tuyén

b.3. Tu dién C phi tuyén (5)
- T dac tinh cha phan tl ta c6 hai dang “khai thac” thong
tin chinh:

- Xac dinh cac gia tri tinh: toa do cua cac diém trén dwong dac tinh
(tr Q—-U, tv U — Q).

u=U;, >q= f(UZUo):Qo
g= f(u):Qo_)u: f_l(q:Qo):Uo

- Xac dinh cac gia tri dong: goc nghiéng cla tiép tuyén tai mbi diém
cta dac tinh (q’(u = U ), u’(9=Q,)) nham tién t&i nhiém vu tuyén
tinh héa dac tinh xung quanh diém lam viéc



1.1. Cac phan t& phi tuyén

b.3. Tu dién C phi tuyén (6)
Poan BC xung quanh diém A c6 thé dwoc xap xi bang tiép tuyén cia
dwdng dac tinh tai diém A:

BC:q=f(u)~a-u-b=f'(u=U,)-u—(f'(u=U,)-U,-Q,)

5 !

Twong tw:

BC:qzCCr%ng'u_st

Cau hoi: Gia tri Cd@ng khi co
u=f(q)?




1.1. Cac phan t& phi tuyén

b.4. Phan ti diode:

4

+I (mA) | Forward
Current
Forward
Bias
Reverse ke
Breakdown
Voltage
2\ RY,
- >
Reverse Voltage {' T Forward Voltage
-50mA 03y G .
. - Germanium .3v Germanium
Kb 20mA Silicon 0.7v Silicon
or Avalanche Reverse
Region Bias
1 (uAl Reverse
(nA

¥ Current



1.1. Cac phan t& phi tuyén

b.4. Phan t&r diode (2)

Pac tinh xap xi:

Chu y:

- Pac tinh cua diode khong
doi xirng

- Poan d3c tinh dan coé thé
xap xi bang ham e mi hodc
doan thang c6 dd doc rat Ién
- Poan dac tinh nguoc trong
thwe té co thé gay hong diode




1.1. Cac phan t& phi tuyén
b.5. Transistor

C

E

Dong NPN Dong PNP Dong FET

- L4 phan t& 3 chan

- Tam thoilam viéc v¢&i dong NPN




1.1. Cac phan t& phi tuyén

b.5. Transistor (2)

Dong NPN




Dy

MW

VCC

GND

A'B

VCC

[A>—WW\

B—ww—iy,

A+B

Active region: collector
current proportional to base

Transistor values
determined from
characteristic
curves,

Base Current Values

current, useful for
Npliﬁer applications.
A

Im saturation, l7.‘“
or “turned on".
Collector near | = 1|
emitter in 2
voltage, acting | 2
like a forward- | S [
biased diode. | g

S

i

When in the active

region, the current and \

voltage will follow the

load line,

Cutoff: when base
current is zero, then

1 I L 1

collector current will
be zero.
t i

Collector-emitter voltage



1.1. Cac phan t& phi tuyén

c. Cong suat tiéu thu trén cac phan t phi tuyén:

I(t) /
— N
—/
—>
u(t)
Cong suat tiéu thu tire thovi: p(t) =u(t)-1(t)
Coéng suét phat tire thoi: Ppn ¢(t) =—p(t)

Coéng suat tiéu thu trung binh (trong mét khoang thoi gian T):

1 T
p(t) > Ry == j p(t)dt

Ghi chi: Xem lai nguyén tac tinh P,, cho truirong hop tin hiu co6 nhiéu
thanh phan tan sé!




1.2. Mach dién phi tuyén

Mach dién tuyén tinh:
La mach dién co tat ca cac phan ti tai la phan to
tuyén tinh (va cac nguodn la cac ngudn tuan hoan)
Mach dién phi tuyén:
LA mach dién c6 it nhat mot phan t& tai 1a phan t& phi
tuyén (va cac ngudn van la cac ngudn tuan hoan)
hay noi cach khac:
Chi can 1 phan ttr tai Ia phan t& phi tuyén thi toan bd
mach dién |a mach phi tuyén!!!



1.2. Mach dién phi tuyén

Mt s6 mach vi du:

R1 R, R,
P Rs
] C‘D ’ r/ EF# E2<? r
(1) (2)
|, — —>
5 _// |
R, R,

(3)



1.2. Mach dién phi tuyén

M6t sb vi du:

£

(4)

[A]

(5)



1.3. He phwong trinh Kirchhoft clia mach
phi tuyén

a. Nhiém vu gidi mach dién phi tuyén:
Cho mét mach dién (cau tric mach, gia tri cac nguon,
gia tri hoac dac tinh cua cac phan tw tai)
— Tim tat ca céc tin hiéu u(t), i(t) trong mach (tr d6
tinh cac céng suat p(t))
b. Phwong phap: Hai budc
1. Lap hé phwong trinh (phi tuyén, vi-tich phan)
2. Giai hé phuwong trinh (phi tuyén, vi-tich phan)



1.3. He phwong trinh Kirchhoft clia mach
phi tuyén

c. Hé phuwong trinh Kirchhoff ciia mach phi tuyén:

« Hai dinh luat K1 va K2 trong mién thoi gian van
dwoc thda man (nhw trong mach tuyén tinh).

« Céc phuwong trinh dac trwng cho cac phan t tuyén
tinh van dwoc str dung nhu trwée.

— Cac phuwong trinh Kirchhoff dwoc xay dwng theo cac
nguyén tac twong tw nhw trong cac mach tuyén tinh

— S dung phdi hop véi cac dac tinh clia cac phan tor
ta co thé chuyén cac phwong trinh K2 thanh cac
phwong trinh theo dong nhanh (hodc theo céc bién
dac trwng khac)



1.3. He phwong trinh Kirchhoft cla mach
phi tuyén

c. Hé phuwong trinh Kirchhoff ciia mach phi tuyén:

« C6 thé lap hé phwong trinh Kirchhoff theo cac budc
(mach gom cac phan t& 1 ctra):
Xéc dinh sb phwong trinh can 1ap (bang sé dong nhanh an
cua mach)
+  Xac dinh s6 phwong trinh K1 (bang s nat bac =3 trir di 1)

«  Xac dinh sb phwong trinh K2 (bang s6 phwong trinh can
lap trir di s6 phwong trinh K1)

« Lap cac phuong trinh K1 (cho cac nut bac 23 )

« Lap cac phuong trinh K2 (cho cac vong khéng chira nhanh
ngudn dong)



1.4. M6t s phwong phép gidi hé phuwong trinh
phi tuyén dai so
- Phwong phéap do thi:
Tim giao diém cla cac do thi
- Phuwong phap lap:
Giai hé phwong trinh dang x=f(x)
- Phwong phap day cung:
Giai hé phwong trinh dang f(x)=0



1.4. M6t s6 phwong phap gidi hé phwong trinh
phi tuyén
- Phwong phéap do thi: Tim giao diém cua cac dd thi
(Chu y: dd chinh xac khdng cao, thwdng dung dé
dinh hwéng hodc xac dinh so bd cac diém ban
dau cho cac phwong phap tinh chinh xac hon)



1.4. M6t s0 phwong phap gidi hé phwong trinh
phi tuyén

Tim nghiém cua ham f(x)=0,3x3+15x-12=0

4
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A —
! )
S &

+ ‘4_- T T I T g I R R
S i
o [=)
g\ 1]

== B ] T T T R

AQk e A L TR TR SRR Lo ST TR TR 4

Nghiém tim dwoc: x = 0,8

Bai tap: Vé va tim céc giao diém cho trurong hop hé nhiéu an.




1.4. M6t s6 phwong phap gidi hé phwong trinh
phi tuyén
- Phwong phap lap: Giai hé phwong trinh dang x=f(x)
1. Xuat phat tir diém ban dau x, bat ky
2. Xac dinh diém wdc lwong tiép theo:
X..,=f(x),k=0
1. Lap lai cho dén khi théa man diéu kién dirng:

[Xea =il <&



1.4. M6t s0 phwong phap gidi hé phwong trinh
phi tuyén

- Phwong phap lap: Vi du minh hoa

0,31° +151 -12=0— | :12—0’3 1°=0,8-0,021°
15 15

Xuét phat tir gia tri ban ddu nao ds: 1 =0

190 |®=f (|<O>)=o,8
b BOIREL (|<1>)=o,8—o,02-o,83 — 0,790
L [l f(|<2>)=o,8—o,02.o,793 ~0,79=1®

Kiém tra lai nghiém:

0,31°+151 -12=0,3-0,79° +15-0,79-12 = -0,0021



1.4. M6t s0 phwong phap gidi hé phuong trinh

phi tuyén
- Phwong phap lap: Vi du minh hoa (hé phwong trinh
nhiéu an)
12x+0,3x° + 2xy —15 Ry
15y +0,2sin(y) +2x°y—20 — 0

Bién doi vé dang chuan:

N G B 3T
X = ———X ——Xy+—
12 12 12

= —Esin( )—Ex2 T
\y 15 ) 15 : 15




1.4. M6t s0 phwong phap gidi hé phwong trinh
phi tuyén

Xuat phat tir gia tri ban dau nao dé:
(X(O); y<0)) o (O; 0)
Tién hanh cac bwéc tinh toan:
(x@;y®)=(0;0) > (x¥; y¥) =(1,25;1,333)
— (x®;y?)=(0,9231,043) — (x®; y¥) = (1,073;1,203)
— ... (X", y49) = (1,025;1,159)
Kiém tra lai nghiém:

12x+0,3x° + 2xy —15 = -9,828.10™
15y +0,2sin(y) +2x°y—-20 = 3,629.10°°



1.4. M6t s6 phwong phap gidi hé phwong trinh
phi tuyén
- Phwong phap day cung: Giai phwong trinh dang
f(x)=0
Xuat phat tir hai diém ban dau x, va x, bat ky

2. Xac dinh diém wdc lwong tiép theo:

Xk o Xk—l

Xk+1 e
f (Xk) ol (Xk—l)
3. Lap lai cho dén khi thda man diéu kién dirng:

(0—f (X)) + X% k=1

ka+1 — Xy H <&



1.4. M6t s0 phwong phap gidi hé phuong trinh
phi tuyén

- Phwong phap day cung: Vi du minh hoa
0,31°+151 -12=0
Xuét phat ttr hai gia tri ban dau nao ds: 19 =0:1® =1:
19 =0—> 9 =_12;

L2060 =3,
|(1)_|(0)

_"(Z)me f(o)(o—f<°>)+|<0> 0,784 — f® =-0,0954

|(2) =i @)

—>|<3>:f(2) f(l)(O—f(l))+I‘1) 0,79 > f©® =-2,088.10°°

Kiém tra lai nghiém:
0,31°+151 -12=0,3-0,79°+15-0,79-12 = —0,0021



1.5. M6t s bai toan co ban trong mach phi tuyén

- Mach xac lap v&i ngudn DC: ché dé hang

- Mach xac lap v&i nguon AC: ché dd dirng

- Mach xac lap véi nguén DC+AC:

- Mach & ché d6 qua do:



Chwong II: Mach phi tuyén & ché dd hang

2.1. Cac hién twong co ban
2.2. Hé phuwong trinh phi tuyén ciia mach dién
2.3. Phwong phap do thi, 1ap va day cung

2.4. Phrong phap do ngwoc trén mach



2.1. Cac hién twong co ban

O ché dd hang, cac tin hiéu (u(t) va i(t)) trong mach
dién déu la hang s6 (DC)

Cac phan t& cudn day va tu dién (tuyén tinh va phi
tuyén) déu suy bién:

- U (b) :d_l’” — Sl — 0 : cudn day suy bién — day dan

dt di dt :
(R=0), c6 dién ap = 0 (chu ¥ dong dién c6 thé khac 0)
I (t) = o = gy =0 :tudién suy bién — héd mach
dt du dt

(R=x), c6 dong dién = 0 (chu y dién ap co thé khac 0)

Do d6 ta chi can gidi mach dién thuan tré




2.1. Cac hién twong co ban

- Do d6 ta chi can giai mach dién thuén tré

, —> 7> , —>
R, _/Rz R
® oz B0
iLx(t) =1, =1

ch(t) :UCX :URZ (: _URl + El)




2.2. Hé phwong trinh phi tuyén ctia mach dién

Khi c6 mach dién thuan tr&, twong tw nhw trwedng hop
mach tuyén tinh, ta sé c6 hé phwong trinh ctia mach dién &
dang dai sé (khdng co6 cac toan tlr dao ham hay tich phan)



2.3. Phwong phap lap, day cung va do thi

Xét lai vi du trwwoc voi , —> —
E,=15V, R,=10Q, dién tr& R, B
c6 dac tinh:  u =7i+0,5i° - (D l
Phuwong trinh K, cua mach: |

St dung cac phwong trinh dac trwng:
101, +(71,+0,51 ) -15=0

Gii theo phwong phap Iap: Vidu 19 =0—.
Giai theo phwong phap day cung: Vi du I(O) 0, I(l) =1—>...
Giai theo phwong phap do thi:



2.3. Phwong phap lap, day cung va do thi

Nhuwoc diém clha cac phwong phap:
- Phtrc tap khi mach c6 nhiéu nhanh — nut
- PO chinh xac clia phwong phap do thi thap

- Khi dac tinh cho theo bang hodc do thi thi kho xay
dwng duwoc hé phwong trinh vé&i cac hé so xac dinh rd.

Céu hdi: Trudng hop phwong trinh c6 nhiéu nghiém thi chon nghiém nao?




2.4. Phuvong phap do nguwoc trén mach

a. Y twédng cia phwong phap: La phwong phap co ban va
hiéu qua trong gidi mach phi tuyén & ché dd hang.
Y nghia cta cum tir “Do nguoc”

Bai toan “thudn”: Cho cau tric mach, cho gia tri cac phan t tai va
nguon. Can tim cac tin hiéu u-i (va p)

Bai toan “nguroc”: Cho cau tric mach, cho cac gia tri phan to tai va
gia tri dat trwdc ndo dé cda tin hiéu u-i. Tim gia tri cac ngudn dé co
dwoc cac tin hiéu u-i dé

Bai toan “ngwoc” thwe hién nhanh hon bai toan “thuan”.



2.4. Phvong phap do nguwoc trén mach

Qua trinh “do”: Thwe hién nhiéu lan bai toan “ngwoc”
vOi cac gia tri u-i dat trweédc khac nhau dé tim duoc trwong
hop c6 ngudn dap &ng tring véi nguon da cho. Khi dé gia
tri u-i dang xét sé la nghiém cua bai toan “thuan”.

Chu y: Trwdng hop mach ¢6 nhiéu nguon, ta co thé
don gian qua trinh do bang cach chi cho gia tri 1 nguén
nao do bién thién con cac ngudn khac git gia tri cd dinh da
cho ban dau.



2.4. Phvong phap do nguwoc trén mach

b. Céng thirc ndi suy tuyén tinh va ng dung trong wéc
lwong cac diém do

Cho trwde 2 diém

cua dac tinh I1a

(X1,Y1) va (X5,Y5).

Hay woc lwong toa db
Yo

clia diém ther 3.
Y3

X, — X

X3 =~ : (ys_y1)+x1 '
Yo=Y o S——
Y2_Y1

Y; ® (Xs_x1)+Y1
Xz_x1




2.4. Phvong phap do nguwoc trén mach

Vi du mach don gian 1 vong (vi du co ban dung ndi suy)

Mach dién c6 E=15V, R;=10Q. Dién tro
phi tuyén R, c6 dac tinh: 50
a) Cho theo ham u-i  u=7i+0,5i°

b) Cho theo hami-u i =0,1u+0,001u®

c) Chotheobang wuwv)| 0 45 12 20

(A sowicd 2 3
d) Cho theo do thi

Chu trinh do:

Bai tap: Giai lai voi cac dang dac tinh khac!




2.4. Phvong phap do nguwoc trén mach

Vi du mach don gian 1 vong (vi du co ban dung ndi suy)
Mach dién c6 E=15V, hai dién tr&

phi tuyén R, va R, c6 dac tinh:
u=7i+0,5°

i =0,1u + 0,001u°

a) Cho theo ham u-i
b) Cho theo ham i-u
c) Cho theo bang u(v)

0

5

12

I(A)
d) Cho theo do thi

Chu trinh do:

0

1

2




2.4. Phvong phap do nguwoc trén mach

Vi du mach 2 vong — 3 nhanh

Mach dién co6 E=15V, R;=10Q, hT— 'X,
R,=15Q. a 1"
Dién tré phi tuyén R, c6 dac tinh: £ R J
a) Cho theo ham u-i u=7i+0,5i°

b) Cho theo ham i-u i=0,1u + 0,001u®
c)Chotheobang uw)| 0 5 12 20

A | 0 1 2 3
d) Cho theo db thi
Chu trinh do:



2.4. Phvong phap do nguwoc trén mach

Vi du mach 2 vong — 3 nhanh — 2 ngudn

Trwdng hop mach cé nhiéu ngudn, thay
gi do nhiéu gid tri dong thoi, dé don gidn R,

qua trinh tim kiém ta c6 thé s dung y e el
twdng “Chi do gié tri mét nguon, gia tri

Rs

.

céc nguon khac gitr nguyén nhw da cho
ban dau’




2.4. Phvong phap do nguwoc trén mach

Vi du mach 2 vong — 3 nhanh — 2 ngudn

Mach dién co E;=15V, R,=10Q,

E,=12V, R,=15Q. ] R
Dién tré phi tuyén R, cé dac tinh: E(# Ez@?
a) Cho theo ham u-i  u =7i+0,5i°

b) Cho theo ham i-u i=0,1u+0,001u°

c) Cho theo bang uv)| 0 5 12655520
IA) |0 1 2 3

d) Cho theo d0 thi

Bai tap: Thay nhanh 2 bang nguon dong J,.




2.4. Phvong phap do nguwoc trén mach

Vi du mach cé mang hai ctra chir A

Mach dién co E =15V, R =10Q. R

Mang hai ctra co ma tran A:

OF ol A
2 20
A —

{0,1 1,5}

Pién tré phi tuyén R c6 dac tinh ...

Bai tap: Giai bang cac phwong phap khéac (bién dbi twong dwong
mang hai ctra vé mang ch T, I1,...)




2.4. Phvong phap do nguwoc trén mach

Vi du mach cé mang hai ctra chir Y — tai cong ra

Mach dién co6 E, =15V, R, =10Q, L
R,=5Q. Mang hai ctra c6 ma tran: L R
[Y]
v_[02 -01 Be. )
0,1 -0,15 | |

Pién tré phi tuyén R co d&c tinh...

Bai tap: Giai bang cac phwong phap khéac (bién dbi twong dwong
mang hai ctra vé mang ch T, I1,...)




2.4. Phvong phap do nguwoc trén mach
Vi du mach c6 mang hai cra chi Y — tai kénh phan hoi

Mach dién co E; =15V, R, =10Q,

R:=5Q. Mang hai ctra c6 ma tran: i @
|:O, 2 —0’1 :| : > >

L [Y]
0,1 -0,15 e . .
Pién trd phi tuyén R, co d&c tinh... v ‘

Bai tap: 1. Xem xét cac trwdng hop cho theo mang hai ctra véi ma
tran Z.

2. Giai bang cac phwong phap khac (bién dbi twong dwong
mang hai clra vé mang ch T, I1,...)



2.4. Phvong phap do nguwoc trén mach

Vi du phdi hop bién dbi twong dwong Thévenin — Norton

Mach dién c6 E,=15V, R,=10Q,

E,=12V, R,=15Q. SRS N
Dién tr& phi tuyén R, c6 dic tinh: E(JP EQHF [
a) Cho theo ham u-i u =7i+0,5i°

b) Cho theo ham i-u i =0,1u+0,001u° l

c) Chotheobang uv)| 0 5 | et

A) | o0 1 2 3
d) Cho theo d0 thi




2.4. Phvong phap do nguwoc trén mach
Vi du phdi hop bién dbi twong dwong Thévenin — Norton

Mach dién co E; =15V, R, =10Q, ]

R,=5Q. Mang hai ctra c6 ma tran: R |
— 1

0,2 —0,1 [Y]
Y: E U
O zs0.15 OL 1

Pién tr& phi tuyén R; co d&c tinh...




2.4. Phvong phap do nguwoc trén mach

Mach diode & 2 ché dé (thuan / nghich)

Mach dién co6 E; =12V, R, =10Q, 4|R:1=

R,,.q—=2Q2. Diode co dac tinh nhw o N .
hinh vé.

Bai tap: 1. D& diém lam viéc cla diode A

Rg=1k

6n dinh, dong diode (theo chiéu
ngwoc) can lén hon 100mA.
Tim cac gi¢i han cua tai.

5 | 07

2. Giai mach khi dao cuc dau ———r >,
noi diode.




2.4. Phuvong phap do nguwoc trén mach

Mach dat diém lam viéc DC cho transistor L

Mach dién co V- =15V, R, =10kQ), R, =5kQ,

R.aq=2€Q. Transistor co dac tinh nhw

hinh v&. —Bgi




2.4. Phuong phap do ngwoc trén mach

Mach trans npn & ché dé bias

1. Gié’thiét diém lam viéc (+ cac diéu kién
cua diém lam viéc)

2. Giai mach DC

Kiém tra diéu kién



Chwong Ill: Mach phi tuyén & ché dé dirng

3.1. Cac hién twong co ban
3.2. Phuwong phap can bang diéu hoa
3.3. Phwong phap diéu hoa twong duong



3.1. Cac hién twong co ban
Xét mach vi du:

Dong toan mach:

i(t) = j(t) = I, sin(et) -

Bién ap trén cac phan tu: 3
Ug =R-i=R-J,sin(at) DL

u, = ai +bi’ = al,sin(et) + bJ; sin®(wt)

S dung cac cong thirc ha bac ham lwong giac dé rut gon:

u, (t) =aJ,sin(et) + bJS%Sin(a)t) 5 bJS’%sin(Sa)t)

:(aJO - %ngjsin(a)t) —%bJS’sin(Ba)t)
Pién ap trén ngudn dong:

U; (£) = Ug (t) + U, (t) =((a+ R)J, +%bJ§’jsin(a)t) —%bJS’sin(Ba)t)



3.1. Cac hién twong co ban

Céc phan tl L va C khdng suy bién

Trong mach dién co hién twong tao tan (tan so cla tin
hiéu u-i ch¥ra thanh phan tan s6 khac v&i tan sb cua
nguon) va triét tan (tan so cla tin hiéu u-i khéng chira
thanh phan tan so cta nguon).

u, (t) =ad,sin(et) + ng’%sin(a)t) : bJS’%sin(Sa)t)

:(aJO +%bJ§j$in(a)t)—%bJS’sin(Sa)t)



3.1. Cac hién twong co ban

Tuy nhién cac dinh luat K1 va K2 van bao toan dang:
+ D6i v&i nat (mach kin) batky: D i) = ia(t)
. D&i voi mot vong kin bAtky: D Ugu (1) = D Ungnien () =0

Néu ta chi quan tdm dén bai toan c4dn bang cdng suat:

« Cobng suat phat clia cac nguon: chi do thanh phan u-i ciing voi
tan s6 nguodn sinh ra (Ly do?)

— Chi quan tam t&i 1 tan so trong mach (va cha yéu ciing la tan so
cdia nguon)



3.1. Cac hién twong co ban

Khi chi quan tdm 1 thanh phan tan so cua céac tin hiéu
u-i:
- Cac dinh luat K1 va K2 van bao toan dang (Ly do?)
- DPoi voi nat (mach kin) bat ky:
> o) =i )
- Dbi voi mot vong kin bat ky:

ZuthuE‘l(t) Zungh.l@h(t) =0



3.2. Phwong phap can bang diéu hoa

Y twdng clia phwong phap: Ta chi quan tam toi
thanh phan wt cda cac tin hiéu u(t), i(t)
- Trong trwdng hop tdng quéat, mot tin hiéu can tim sé
c6 hai an 1a tham sb cda ham sin:
- O dang Asin(wt +¢);: Tham s A va ¢
- O dang Asin(wt )+Bcos(wt): Tham s6 A va B



3.2. Phwong phap can bang diéu hoa
Y twdng cla phwong phap (2):
Chi xét cac thanh phan wt va st dung cac cong thirc
bien doi lwong giac phoi hop voi hé phwong trinh
Kirchhoff dé dwa hé phwong trinh mach vé dang
M sin(at)+ N cos(amt) = Psin(at)+Qcos(«t)
hoac
M sin(awt+ N)=Psin(ot+Q)
— Khi d6, st dung tinh chat déc lap tuyén tinh cta cac
ham sin() va cos() ta rut ra dwoc hé phwong trinh

M =P
N =Q



3.2. Phwong phap can bang diéu hoa

Vi du mach thuan tré:

Gia tri cac phan ti:  e(t) =10sin(t); R; = 5Q; R,

S 3
R, :Uu=51+0,5I 0 (1) RXI’
Thanh phan wt cta dong toan mach (mach thuan tr&

nén dong va ap dong pha):
i“'(t) = |y sin(at) = 1, sIn(t)
Pién ap trén cac phan to:
u?{}(t) =R, - i'(t) = 51y sin(t)
3 ot
U (t) = (ai”t + b(i“’t) ) = (5losin(t) i o,5|§sin3(t))
S dung céac cdng thirc ha bac ham lwong giac dé rat gon:

u (t) = (5|O uf 0,375|§)sin(t)

ot



3.2. Phwong phap can bang diéu hoa

Vi du mach thuan tré:

Can bang thanh phan wt cGa cac dién ap Ry
trong phwong trinh K.: et D R, r//
e”(t) = Ur(D)+ud (D)

10sin(t) = (101, +0,375I3 Jsin(t)

10 = 101, +0,3751;
Gidi phwong trinh bac 3 (chi co6 mét nghiém thyc): |1, =0,966
Bién d6 dién ap trén cac dién tro:

Ug,|=5l,=4,83U,|=5l,+0,375l5 =5,168;

Céu hdi: Trwdng hop phwong trinh ¢ nhiéu nghiém thi chon nghiém nao?




3.2. Phwong phap can bang diéu hoa

Vi du mach thuan tré:

Céng suat phat ctia nguon e(t):

10 |
Py = > =4,83(W
i (W)
Céng suat tiéu thu cta hai dién tro:

PRl 2 4,83 . O, 966 : COS(OO) i 2’ 333(\/\/)
VRN

s 2594 - Ui -c0s(0°) = 2,496 (W)
J2 2

Téng cdng suat tiéu thu:

Prtns = Pr1 + P = 4,829

Céu hdi: V&i cac tan s6 phat sinh thi hién twong cdng suat nhw thé nao?




3.2. Phwong phap can bang diéu hoa

Vi du mach thuan cam/dung:
e(t) =10sin(t);L =1H;
L sy =2i—0,5°
Phwong trinh K2 ctia mach:

e(t) = U, (t) + Uy, (t)

Puwa vé theo bién dac trwng i(t):

10sin(awt) = % +(2-1,51%)—

di
dt

=(3-1,51%)

di

dt



3.2. Phwong phap can bang diéu hoa
Chi xét thanh phan wt:
i*(t) = Asin(wt) + B cos(awt)

Do mach thuan cdm va nguon chi cé thanh phan T
sin(wt) — A=0 L

Bién ddi phwong trinh K2 theo dang nghiém moi: ¥ ®

i”*(t) = Bcos(at) = % =—Bwsin(wt)

(2—1,5i2)%:[2—1,582(1—sinz(a)t))](—Ba)sin(a)t))

e _(2 —1,582) Bwsin(wt) —1,5B%wsin®(wt)

= (1,582 - 2) Bwsin(wt) —1,583a)(%sin(a)t) — %Sin(?)a)t)j



3.2. Phwong phap can bang diéu hoa
Chi xét thanh phan wt:
e(t) =u, (t) +u,, (t) > e” (t) = u (t) + uf,(t)

— 10sin(wt) = —Bwsin(wt) + (1,5B* — 2)Bwsin(wt) — % B wsin(wt)

L 510sin(t) = -Bsin(t) + (1,58 — 2)Bsin(t) - % B”sin(t)

Triét tieu cac sin(wt):
10=—B + (1,5B? —2)8—%83
Rut gon:

SBS—BB—lO:O

— B =3,861



3.2. Phwong phap can bang diéu hoa

Vi du mach hon hop:

e(t) =10sin(5t); R =10Q; L :y =2i+0,5i°

Phwong trinh K2 ctia mach: =0 () '“"/g/
e(t) =u,(t) +u,(t)

Puwa vé theo bién dac trwng i(t):

di
dt

Chi xét thanh phan wt: Do mach c6 ca dién tré va dién cdm nén dong |
sé |éch pha v&i nguon

i*(t) = 1 sin(at + @)

10sin(et) =10-i(t) +(2+1,5i%)—



3.2. Phwong phap can bang diéu hoa

Bién dbi phwong trinh K2 theo dang nghiém mai:
us' (t) =101, sin(wt + @) =101, sin(5t + @)
ug(t) =(2+1,51¢ sin* (et + p) )l , cos(at + @)
=(2+1,517 ) wl,cos(at + ¢) — 1,50l cos*(at + @)
:(2+1,5|§)a)locos(a)t+gp)—1,5wI§Ecos(a)t+gp)+%cos(3a)t+3(p)}
=(2+0,3751¢ )l , cos(at + p) — 0,375l cos(3at + 3p)

0w=5

—(10+1,87517 )1, cos(5t + ) 1,875l cos(15t + 3¢)



3.2. Phwong phap can bang diéu hoa

Chi xét thanh phan wt:

e(t) =u,(t) +u,_ (t) > e”(t)=us (t) +u”(t)

— 10sin(5t) =101, sin(5t + @) +| 101, +1,87513 |cos(5t + )
Can bang bién dd ham sin ca hai vé:

10:\/100|02 +(101, +1,87513)°
bat |2=x>0
100 = x(100+100 +37,5x + 3,5156X° )

3,5156x° +37,5x% + 200X —100 = 0
— x=0,459
—>1,=0,678




3.2. Phwong phap can bang diéu hoa

Thé gia tri bién d6 vwa tim dwoc vao phwong trinh can béng:

10sin(5t) =6, 78sin(5t + @) + 7,364 cos(5t + @)

Can bang pha ca hai vé:

@ = —arctan ( 7,3684j =—-47,36°

Téng hop két qua:

i“* (t) = 0,678sin(5t — 47,36°)

Bai tap: Lam lai véi dang nghiém i (t) = Asin(at) + B cos(wt)



3.2. Phwong phap can bang diéu hoa

Vi du mach hon hop:
e(t) =10sin(5t); R =10Q; R
CX q = O,lu + 0,001U3 e(t) T) C, lz_(
Phwong trinh K2 cua mach:

e(t) = Ug () + Ug, (t)

Puwa vé theo bién dac trwng u(t)=ug,(t) :

e(t)=R- dqg du
du dt

— + u(t)

10sin(et) =10-(0,1+ 0,003u2)2—‘:+ u(t)

Chi xét thanh phan wt: Do mach c6 ca dién tré va dién dung nén dién
ap u sé léch pha véi nguon: u” (t) =U, sin(wt + ¢)



3.2. Phwong phap can bang diéu hoa

Bién dbi phwong trinh K2 theo dang nghiém mai:
u”(t) =U,sin(at + @) =U,sin(5t + ¢)
ugt (t) =10(0,1+0,003U; sin* (et + p) ) alJ , cos(at + @)
z (1+ 0, OBUOZ)a)Uo cos(awt + @) — 0,03aU 2 cos® (wt + @)
= (1+ 0, 03U§)a)UO cos(wt + @) — 0,030 Ecos(a)t + @)+ %cos(:%a)t + 3¢)}
=(1+0,0075U; ) &lJ,, cos(at + p) — 0,0075U 5o Cos(3at + 3p)

0w=5

—(5+0,0375U¢ )U, cos(5t + ¢) — 0,0375U 5 cos(15t + 3p)



3.2. Phwong phap can bang diéu hoa

Chi xét thanh phan wt:
e(t) = Ug () + U, (t) = e () = ug" (t) + ug, (t)
—10sin(5t) = (5 +0,0375U; U, cos(5t + @) + U, sin(5t + o)

Can bang bién dd ham sin ca hai vé:

10=\/(5uO +0,037508) +U?
bat U: =x>0
100 = x(1+25+0,375x +1,406.10°x’ )
1,406.10°x° +0,375%2 + 26X —100 =0
— Xx=3,651
U, =1,911



3.2. Phwong phap can bang diéu hoa

Thé gia tri bién d6 vwa tim dwoc vao phwong trinh can béng:
10sin(5t) = 9,817 cos(bt + @) +1,911sin(5t + @)
Can bang pha ca hai vé:

@ = —arctan ST —78,98°
911

Téng hop két qua:
u”(t) =1,911sin(5t — 78,98°)

Bai tap: Lam lai véi dang nghiém u® (t) = Asin(awt) + B cos(at)



3.2. Phwong phap can bang diéu hoa

Nhuwoc diém cha phwong phap can bang diéu hoa:

- Hé phuwong trinh yéu cau bién déi cac ham lwong giac
phirc tap

- Vi mach nhiéu nhanh thi viéc tinh toan sé tré nén
phire tap hon rat nhiéu



3.3. Phuong phap diéu hoa twong duong

Y twdng clia phwong phap: Twong tw nhw phwong
phép can bang diéu hoa, khi ta chi xét thanh phan tan
s6 wt cua céc tin hidu u-i trong cac phuwong trinh
Kirchhoff thi ta co thé lay énh phirc cua cé hai vé->
Theo tinh chat tuyén tinh cta phép bién dbi &nh phirc,
ta sé c6 cac phuwong trinh Kirchhoff van bao toan
dang.

R GRSy e R Sy T S B
Zuthu&(t) Zungh.l@h(t) Qe ZUthuEn ZUnghmh—



3.3. Phuong phap diéu hoa twong duong

Nhac lai mot s két qua da tinh toan véi cac phan ti phi
tuyén:
R :u=5i+0,5i"

(1) w::1 l,sin(t) — u? (t) = (5I0 +O,375I§)sin(t)
>0 =i(5l0 +0,37513) = 5/i“*| +0, 75/

J2

L iy =2i-0,51" i”(t) = Bcos(t) > u”(t) = (1,5B° - 2B)sin(t)
—>‘U”t‘: f (‘I”D:...
C. :q=0,1u+0,001°

‘3

0=b5
u*(t) = U,sin(5t + p) i (t) =(0,5U, +0,00375U )cos(5t + )



3.3. Phuong phap diéu hoa twong duong

Nhac lai mot s két qua da tinh toan véi cac phan ti phi
tuyén:
R :u=5i+0,5i"

(1) w::1 l,sin(t) — u? (t) = (5I0 +O,375I§)sin(t)
>0 =i(5l0 +0,37513) = 5/i“*| +0, 75/

J2

L, iy =2i=0,5" j*(t) = Bcos(t) —» u™(t) = (1,58° — 2B)sin(t)

0= £ (i) =
C.:q=0,1u+0,001u’

‘3

®=5
U (t) = U,sin(5t + @) i (t) =(0,5U, +0,00375U )cos(5t + )



3.3. Phuong phap diéu hoa twong duong

Y twdng cua phwong phap (2): Tir cac vi du trén ta c6
thé tong quat héa 18n doi véi cac phan ti phi tuyén:
- Quan hé gitra cac bién do cua anh phurc U-I (hoac gia tri hiéu
dung) la quan hé phi tuyén
- Quan hé giira pha ctia U-1 tuong tw nhw voi trirong hop tuyén
tinh. Cu thé:
- Pbi véi dién tré phi tuyén: dnh phire dién &p dong pha véi dnh phire
dong dién.
- Pbi v&i cubn day phi tuyén: dnh phire dién ép c6 pha Ién hon pha
cua anh phtrc dong dién la 90°.
- Pbi véi tu dién phi tuyén: énh phirc dién &p cé pha bé hon pha cia
anh phtre dong dién la 90°.



3.3. Phuong phap diéu hoa twong duong

Y twong cua phwong phap(3):
- VAan tiép tuc st dung y twéng cta phuwong phap do nguoc
- Cac khac biét so vaoi trirong hop do nguwoc trén mach DC:
- Cac tinh toan dwoc thuc hién trén anh phire cua tin hiéu.
- Quan hé giira dong vao ap trén céc phan t&r bao gém quan hé hiéu
dung (hoac bién do) va quan hé pha
- Pé gidm bot dd phire tap thuong ta do bién dé cda ngudn trudc,
xac dinh pha cta nguén sau.



3.3. Phuong phap diéu hoa twong duong

Cac vi du tinh toan:
- Mach 1 phan t& phi tuyén (cho theo bang, ham, do thi)
- Mach nhiéu phan t& phi tuyén
- Mach c6 chira mang hai ctra (A,Y,2)

- Mach 2 ngudn va van dé day pha



3.3. Phuong phap diéu hoa twong duong

Céc vi du tinh toan: Mach 1 phan t& phi tuyén (cho theo
bang, ham, do thi)

E =1240°%R =10Q; LX;‘U‘:2‘|"+0,5‘|"3 R
Chu trinh do: = CD S
[ > U, theo®Etvin;Ug (=R 1) > E(=U, +Ug)

: Hisl=26 i

| =140° < U, =2,5490°= j2,5:Ug =10

AULX :900

— E =10+ j2,5=10,308414,04°

. U, |=3264 _ .

| =1,240°0 > {1 —>U,, =3,264490°= j3,264;U, =12

AULX :900

—> E =12+ j3,264 =12,436415,22°



3.3. Phuong phap diéu hoa twong duong

Do theo bién dé: I TR

: 1,2-1

B ’ 12-10,308)+1=1,159 :
‘ ‘ 12,436—10,308( ) - CD LX%/
Tiép tuc qua trinh do:

| U,|=309%6 . . .

| =1,15940° {1 U, =3,096£90° = j3,096;U =11,59

AU L x - 900
> E=1159 + J3,096=11,996414,96° ~12414,96°

Nhan xeét:

y \V/é bién dd cua ngudn da dat dd chinh xac yéu cau

- Vé pha: khi tdng pha cua tin hiéu xuat phat cia chu trinh do thi tat
ca cac tin hiéu trén chu trinh cling tang 1én mét lwong twong ng.

| =1,1594 ¢° — E =11,9964 (14,96 + )° ~124(14,96 + ¢ )°



3.3. Phuong phap diéu hoa twong duong

Do do: :
| =11594 —14,96° —> E =11.99640° ~1240° .
=M

Bai tap:

1. Hoan tat viéc xac dinh cac tin hiéu va cac
cdng suat ciia cac phan t&r mach.

2. Tinhlai v@i cac dang dac tinh khac, v&i cac
dang phan t&r khac (R, C phi tuyén).



3.3. Phuong phap diéu hoa twong duong

C4c vi du tinh toan: Mach 2 phan t& phi tuyén

— / >

E =1240°%2, = j10Q; ik —7 |

R, :lU|=7|i|+0.8i["c,:u|=2]i|+05i  eh) x o\

Chu trinh do:

I'C —>UCX(theo®£Et\hh) 1, (: UZCX j — g (: I'C + I'L)
L

— U, (theo®Et¥ih) — E (=Upg, +U )
‘UCX‘:Z’S
£U¢, =-90°
U, |=5.588
AURX =0

I =14<00—>{ —Uq, =2,54-90°=-j2,5— | =-0,25£0°

2y e 05 T5 403 —>{ — E =5,588- j2,5=6,1224 — 24,10°



3.3. Phuong phap diéu hoa twong duong

Tiép tuc do:

—U;, =84-90°=—8

Syl = =0,840° 5 By =1, 240°

KU RX — OO
Do theo bién do:.
-S|
12,637 —6,122

Up=9.782 . .
IR —>E =9,782— j8=12,637 —39,28°

12 - 6,122) +1=1,902



3.3. Phuong phap diéu hoa twong duong

Tiép tuc qua trinh do: e N
. U..|=7,244 R TR,y
I :1,90240°—>{‘ ‘fx‘ T
KUCX = —900 é(T) Z CX[Z:
—Ug, =7,2444 —90° =—j7,244
— 1, =-0,724£0° — |5 =1,17840°

Ug,|=9554 |
=T —» E =9,554— j7,244=11,994 —37,17° ~124 — 37,17°
KU Rx :OO

bay pha: | =1,902437,17° — E =11,9940° ~1240°
Bai tap:

1. Hoan tat viéc xac dinh cac tin hiéu va cac céng suat cia cac phan
tlr mach.

2. Tinh lai v&i cac dang dac tinh khac, v&i cac dang phan tir khéc.



3.3. Phuong phap diéu hoa twong duong

Cac vi du tinh toan: Mach c6 mang hai ctra

L 2

[A] 0, IZ: C,

E =2440%R =10Q; - b
. & .3
CX:\U\=2\|\+0,5\| | |
Mang hai clra: A = ke _5+J_25
| 0,2 2+ ]
Chu trinh do:
; : O R i
<%>4 sy
l, = a21U2+a22I2
U, = a.U,+a,l,=j225
HE a21U2+a22I2_2+105

— E =20+ j27,5=34,004453,97°



3.3. Phuong phap diéu hoa twong duong

Tiép tuc do: :
: - ; U, = -0,356+ j15,928
1, =0,740°>U, =—jL,572 <" ij

I, = 14+ j0,386

— E =13,644 + j19,788 = 24,036 455, 41° ~ 24455,41°

Day pha: ﬁ

|, =0,7£ 55,415~ E =24£0°

yn

Ok 0y [A] Rt

Bai tap:
1. Hoan tat viéc xac dinh cac tin hiéu va cac céng suat clia cac phan
tlr mach.

Tinh lai v&i cac dang dac tinh khéc, véi cac dang phan tlr khac.

3. Giai cac mach c6 mang cho theo Y hoac Z.



3.3. Phuong phap diéu hoa twong duong

Céc vi du tinh toan: Mach nhiéu ngudn va van dé day pha

E, =18420°%R, =10Q;E, =12430% Z ¢, = — j5; I E
> >

T - 3 R Rs
Ry =70 Ly:[U| =51]+0,7|l] S

Chu trinh do: , . L3fg/
1 )E CT =)

—>I'2£: . _U.ZLC?JZ_URBJ_>|'1(= |.3—|.2)—>E1(: R1'|.1+U.R3+U.L3)

Van dé:
- Chu trinh do khdéng c0 sai sot
- Néu thwe hién theo chu trinh nay va day pha & buwdc cudi cung
thi két qua khéng chinh xac!!!



3.3. Phuong phap diéu hoa twong duong

Chu trinh do: E ;
> - l >
5 R,
R‘I - Zcz
I3=140° > U, 4 = j5,7;Upg = 7£0° ) Ls%’
S L4~ = E>
S oacl _;5’7 ! 0,06+ j0,678
]

—1,=1,06— j0,678 > E; =17,6 — j1,08 =17,6334 —3,51°

1,=1,240° >U ;= j7,21;Ug, =8,440°

. 12430°— j7,21-8.4

—1,=0,958— j0,398 — E, =17,98 + j3,23=18,268410,18°

- 0,242+ j0,398



3.3. Phuong phap diéu hoa twong duong

Do theo bién do: ¥ I
P> - l
3 » 5 R,
‘|3‘= i (18—17,633)+1:1,116 Ry = Zc,
18,268 -17,633 5 %/
Tiép tuc do: e, (Dg

1,=1,1164£0°—U 5 = j6,553;Ur, = 7,81240°
. 12430°- j6,553—7,812
= |2 — 2
_15
— 1, =1,005- j0,516 — E, =17,862 + j1,393=17,91644,46° ~1844,46°

- 0,111+ j0,516

Day pha: |, =111641554° — E, ~18420°

Két qua sau khi day pha bj sai!!!



3.3. Phuong phap diéu hoa twong duong

Giai lai c6 sir dung nguon twong dwong Thé-ve-nin — Norton:

E, =18420°%R, =10Q;E, =12430% Z ¢, = — j5;

P> - l
R, = 70 Ly :[U| = 51| +0,7|if - s
EAB1 -V <, 2 R‘I _ Zcz
Mach nguén twong dwong T-N: é . L3fg/
: PE, CT E>
Zap=(RillZcp)+ Ry =9~ j4
e
e R Zep 0MSLY 2694 1o o0 i o l
1 1 0,1+ jO,2
R Zeo Zab
Chu trinh do trén mach twong dwong: :
ET(T) L3r§/
I3 U 3(theo®E 1)U gy (= Zgp, - 13) = Eqy (=Upp +U 5




3.3. Phuong phap diéu hoa twong duong

I3=1£0°>U, 3= j5,7;Uy, =9 j4

— Eq, =9+ j1,7 =9,159410,70°

1,=1,340°—>U, , = j8,038U, =117 - j5,2 &)
— Eq, =11,7 + j2,838=12,039413,63°

Zab

3

Do theo bién do:.

1,3-1
12,039 - 9,159

Tiép tuc do:

15| = (12,247 -9,159) +1=1,322

1,=1,32240° > U, ;= j8,227;U,, =11,898 - j5,288
—5 By, =11,898 + j2,939 =12,256413,88° ~12,247413,88°
Day pha: |, =1,32242,35° — E;, ~12,247416,23°



3.3. Phuong phap diéu hoa twong duong

Quay lai mach ban dau tim cac tin hiéu con lai: ’ i
> >
: : : . . A
|, > U, ,(theo®EtYih);Un (=R, - | 2 Rs
; L3.( =4 ) RS( 3 3) Ry T— Zo
T e A e RS L,
i, =22 F TR | g (), | . . r%”
2( ZCZ 1( 4 2) E1 CT E2

= El(z R, - Iy +Upg, +UL3)
1,=1,32242,35° > U, 5 =8,227492,35%U 5, = 9,254 2,35°
EZ _U L3 _U R3
C2
—1,=0,801— j0,243=0,8374 —16,86°
— E, =16,915+ j6,173=18,006420,04°

o e =0,52+ j0,297 = 0,599429,71°

Bai tap: Hoan tat viéc xac dinh cac tin hiéu va cac céng suat cia cac
phan t& mach.



3.3. Phuong phap diéu hoa twong duong

Tom tat lai: D& khac phuc van dé day pha, ta cé thé gidi mach phi tuyén
& ché do dirng theo cac buéc:

1.  S& dung dinh luat Thé-ve-nin — Norton dé dwa mach nhiéu ngudn
vé mach twong dwong chi cé mét ngudn.

Do trén mach twong dwong dé xac dinh céac tin hiéu (c6 day pha)

3. Khida cé cac tin hiéu cua mach twong dwong, quay lai mach ban
dau dé do (1 1an) cac tin hiéu con lai.

C4u héi: Néu mach khdng cho phép bién déi twong dwong thanh mach
chi c6 mét nguodn thi hwéng gidi quyét nhw thé nao?




Chuong IV: Mach phi tuyén & ché do
Xép chong

4.1. Cac hién twong co ban

4.2. Phwong phap tuyén tinh hda xung quanh
diem lam viéc

4.3. Cac ham truyén dat va céng suat trong mach
cO nhiéu tan so



4.1. Cac hién twong co ban

Ta xét vi du don gian:
e(t) =12 +sin(t);R, =10Q; R, :u = 2i +0,5i°.

Yéu cau bat budc:

- Nguon DC can c¢o bién dé rat Ién so voi
cac thanh phan AC.

- Thuwec té mach dién t& thwéng cé nguodn
DC c& V, ngudn AC c& mV

- Trong cac vi du, dé thuan tién cho viéc
tinh toan, ta tam xét hai mc tin hiéu
chénh nhau khoang 10 lan tr& 1én.

e(t) ‘D

R

[




4.1. Cac hién twong co ban

Phwong trinh goc:

Ugy (1) + Uy (t) —€(t) =0 — ug, (t) =e(t) —R-I(t)

Néu chi c6 thanh phan 1 chiéu tac dong: Ta co diém lam viéc tinh
A=(l5c,Upe) cta dién tré phi tuyén R (co thé tim bang cac phuong

phap da biét)

1015 +(21pc +0,513¢ )-12=0

215c +0,5i5c =12-1015c

e(t) ‘D R

[
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4.1. Cac hién twong co ban

Khi xét ca hai thanh
phan tac déng: Ta co:

1. Gié tri ngudn e(t) giao
déng xung quanh gia tri
ngudn DC, cu thé
e(t)=12+sin(t) e [11,13]

2. Quan sat trén do thj ta co
diém lam viéc cua dién tré phi
tuyén R sé “trwot” trong mot
doan BC (diém B (ng v&i
nguon dat gia tri cwe dai (13),
diém C (rng v&i ngudn dat gia
tri cwe tiéu (11))




4.1. Cac hién twong co ban

Poan lam viéc BC co6 thé dwoc xap xi bang:
- dwdng tiép tuyén vai dac tinh tai diém Al



4.1. Cac hién twong co ban

Khi xét ca hai thanh phan tac déng: Ta co:

3.  Khi chi xét trworng hop ngudn AC cé bién dé rat nhd so véi nguon
DC ta co:

- Poan BC rat ngan -> C6 thé coi nhw thang

- Poan “thang” BC c6 thé duwoc xap xi bang dworng tiép tuyén
v&i dac tinh cua phan ti phi tuyén tai A.

- Khi doan dac tinh “thang” -> c6 thé thay phan ti phi tuyén
bang moét “mach tuyén tinh twong duong”




4.1. Cac hién twong co ban

Y tudng cta phuong phap: Cac md hinh twong dwong cho
doan lam viéc nhé cla phan t& phi tuyén:

- Dién tr& phi tuyén:

RN (B
—> U= f’(lo)-i—[f'(lo)- IO—UO]:R@)-i—EpS
VO
R®: f'(IO); Eps % f,(IO)' IO _UO
Nhw vay dién tré dong chinh 1a hé sé géc cia dwdng tiép tuyén voi
dac tinh tai diém lam viéc tinh.




4.1. Cac hién twong co ban

Y tudng cta phuong phép (2):

Trong trirong hop dac tinh cho theo bang: Dac tinh 1a mét dwdng
gap khuc nbi tirng doan thang lién tiép -> tiép tuyén cla dac tinh trong
mét doan dac tinh chinh 1a doan dac tinh dé -> Hé s6 goc ¢ thé duoc
tinh ttr cac diém dac tinh & hai dau.

%0 r : ! ! ! !

IOE(Ik’Ik_i_l)% U(V)ZS
Au U, ,-U
A *

15

10

Chu y: Tiép tuyén khéng xac
dinh dwoc néu diém lam viéc ;
tinh tring v&i cac diém nut
trong bang.




4.1. Cac hién twong co ban

Y tudng cta phuong phép (3):
Trong trirong hop dédc tinh cho theo do thi: Ta can tw wdc lwong va
ké dwong tiép tuyén tai diém lam viéc tinh. Sau dé tiép tuc woc lwong
hé s6 gdoc cua tiép tuyén -> Sai sO sé twong doi Ion!

i(t) F>/ iy Ra=T(lo) /E}%
—_— e =~ S —— —>
—, \_/ R
u(t) u(t)

Mé hinh tuyén tinh tuong duwong cua dién tré phi tuyén R,

xung quanh diém lam viéc tinh

Bai tap: Tredng hop dac tinh cho theo ham ngwoc i=f(u) thi dién tré déng
tinh nhw thé nao?



4.1. Cac hién twong co ban

Y tudng cla phwong phéap (4):

Khi xét mach & ché doé xac l4p ta chwa can quan tam dén gia tri (va
cling c6 nghia la chwa can quan tdm dén céng thirc) clia ngudn phat
sinh E,¢ do theo nguyén ly xép chong thi trong mach dién ta da giai
dwoc thanh phan 1 chiéu, khi tinh thanh phan xoay chiéu thi cac
nguon 1 chiéu “tat”, co nghia 1a nguon phat sinh E ; cling dwoc thay
b&i day dan -> khdng anh hwéng t&i qua trinh tinh toan thanh phan
xoay chiéu.

0 —> o




4.1. Cac hién tvong co ban

Hoan thién tinh toan cua vi du:

Gid tri dién tré dong:  Re=Uji_;__) = (2 +1,5i2 )i_o oy =3:39UQ)

e(t)  sin(t)
R +Rg 10+3,391

Dong toan mach: Iac (1) = =0,0747sin(t)

Téng hop nghiém: i(t)=lpc +ixc () =0,963+0,0747sin(t)

Chay: - Cac tin hiéu u(t) va i(t) trong mach c6 thanh phan AC rat nhd
so voi DC.
- Mach dién dang xét I1a mach thuan tré nén thanh phan AC co
thé tinh trwc tiép nhw trén ma khéng can st dung anh phuec!

Bai tap: Tinh toan cac cong suat trong mach. T d6 dwa ra nhan xét vé
ty 1& thanh phan céng suat AC va thanh phan céng suat DC.



4.1. Cac hién twong co ban

Y twédng cda phwong phap (5): Mé hinh twong dwong cho cudn
day phi tuyén trong mét doan lam viéc nho:
w—ywo="T"(lg) (1—1o)
VO
Lo=T"(lo):wps =wo = T'(lp)- o

Tw do suy ra quan hé u-i va mo hinh twong dwong nhuw sau:

dw di i(t) L i(t) La="(lp)
=4 ~"oat — gt T
u) )

Tt cOng thirc trén ta cé cudn day phi tuyén twong dwong nhw mot cudn
day tuyén tinh & xung quanh diém lam viéc ctia minh (khéng cé ngudn
phat sinh nhw trong trwdng hop cua dién tré).




4.1. Cac hién twong co ban

Y twédng cda phwong phap (6): Mé hinh twong dwong cho tu dién
phi tuyén trong mét doan lam viéc nha:
q—Q=f'(Ug)-(u—-Uy)
VO
Co= f'(Uo);st =Q, - T'(Uy) U,
Tw do suy ra quan hé u-i va mo hinh twong dwong nhuw sau:

. Cx _ Cq=a'(Ug)
. dq du M WY
—)l(t):_:C®_ q > I ] ||
dt dt _J } ,
u(t) u(t)

Tt cOng thirc trén ta cé tu dién phi tuyén twong dwong nhw mot tu dién
tuyén tinh & xung quanh diém lam viéc ctia minh (khéng cé ngudn phat
sinh nhw trong tredng hop cua dién tro).




4.2. Phuong phap tuyén tinh héa xung quanh
diem lam viéc
Tom tat lai qua trinh gidi mach bang phwong phap
tuyén tinh héa xung quanh diém lam viéc gom 3 bwdc:
Buée 1: Chi cho thanh phan DC tac ddong. Xac dinh cac diém lam viéc
cla cac phan t& phi tuyén va céc tin hiéu khac theo yéu cau.

Buére 2: Xac dinh cac phan tlr dong (tuyén tinh) twong dwong cia cac
phan t& phi tuyén xung quanh cac diém lam viéc (da xac dinh
& bwdc 1),

Buée 3: Cho cac thanh phan AC tac dong, giai mach twong duwong
tuyén tinh (theo cac phwong phap da biét)




4.2. Phuong phap tuyén tinh héa xung quanh

diém lam viéc

Piém lam viéc va phan t& déng twong dwong cda cac phan

t& phi tuyén:

Phan tor Piém Phan tlr ddng khi cé | Phan t&r déng khi co
lam viéc ham dac tinh bang dac tinh
U,..—-U
R_.=u'(il Rl K+1 K
£ (1o:Uo) 2 ()|':'0 5 la — Iy
- \Pk+1 & LIJk
e (1o ¥ ) Le= LP'(l)‘H Lo = | |
: k+1 ~ Tk
Qi1 —Q
ety C a0 +1 K
Cx (UO!QO) C®_ q (u)‘u:UO ® Uk+]_ _Uk




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Vi du tdbng hop ca ba dang phan ti: _PW

e(t) =12+sin(t);R, :u=8i +0,5i°; L
L, 1w =21+0, 3i°: e(t) (‘D er// Cx[Zf
Tu dién phi tuyén C, c6 dac tinh:
WA D260 AT 401
QLEy ol S i A3

Yéu cau: Xac dinh cac dong nhanh trong mach.
Buoc 1:

Khi thanh phan DC tac dong: Cac cudn day va tu dién suy bién, dan toi
ta cO:

Ux pc =0—Ugs pc =Ucx pc = Epc =12.

uRX_DC :12 4 iRX_DC :1, 347 —> iLX_DC :1, 347



4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buoc 2: _,(W

Xac dinh cac phan tir déng tuyén tinh: L

R 8+1,5i2‘ =10,722; o(t) (D RXr// Cx[Zf

I=lry DC

L, — Lg=2+0,9i’] =3,633;

1=l x pc

Bt it iq : 127_16 — 0,0909.
u et

Buoc 3:
Giai thanh phan AC trén mach tuyén tinh twong dwong:

Le=3,633—>7Z,5= J3,633,Cg=0,0909 > Z-5=—]11.
Vi du gidi mach bang phwong phap téng tré twong dwong:

Zo=(Rell Zco) + Z1o=5,498~ 1,726 =5,7634 ~17,43° — [, ac =‘EzAC
®



4.2. Phuong phap tuyén tinh héa xung quanh

diém lam viéc

Buwérc 3 (tiép):

2 : / 1
| = | C®  _ _—_0,1244 —26,84°
Rx _AC Lx AC R®+ ZC® \/E

Re 1

v}

0,121£63,16°

b

L,

~ erz_‘

|. 2 I. 5
Cx_AC Lx AC R®+ ZC® \/E

Tong hop nghiém:

Bai tap: Tinh cac tin hiéu dién ap. Tinh cac céng suat.



4.2. Phuong phap tuyén tinh héa xung quanh

diém lam viéc
Vi du mach nhiéu nguon:
E, =12V;R,:u=8i+0,5i°
e, (t) =sin(2t +15°)V;C, =0,05F;
Ry =10Q; Ly 1y = 2i +0,3i°;
Yéu cau: Xac dinh cac dong nhanh trong mach.

Buwéce 1:

i4(t)

>

i3(t)

R

ir(t)

1 =
qﬁ ®

l >

___C

2
es(t)

Rj

3

Khi thanh phan DC tac ddong: Cac cudn day va tu dién suy bién, nguon

AC “tat”, dan t&i ta co:

— 1y pc =0,659(= 5 pc)

IZ_DC :O.



4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buworc 2: i1 (1 i3£t)
>
Xac dinh cac phan t&r déng tuyén tinh: 1 R,
R, —> Rg=8+15i°| - 8,651, o T ©
I=lr1 pC ' '—3%
Ly — Lg=2+0, 9i2‘_ —2,391; SOEL
1=l 3 pc
Buoc 3:

Giai thanh phan AC trén mach tuyén tinh twong dwong:
Ngudn DC “tit", Lg=2,391—>Z, o= j4,782;
Vi du gidi mach bang phwong phap dién thé nut:

. ( 18E. 1 j E,
Do Sl bt s
Re Zco Rst+Zie) Zeo
; 1 1 1 0,707415°
?, s : - :
8,651 —jl0 10+ j4,782 —j10




4.2. Phuong phap tuyén tinh héa xung quanh

diém lam viéc

Buée 3 (tiép):

@, -0,206417,23°=0,0707 £105°
— ¢, =0,343487,77°
Cac dong nhanh:

[, ac=—22=0,03964 —92,23°
~%a* B2 _ () 0688476.58°

|2_AC £
Cc2

: P, :
3 Ac = =0,0309462,21
] 31tZ.®

i4(t) i3(t)

tlt

ir(t)

/R1 — 02

e, (D) e

®




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buwére 3 (tiép):

Téng hop nghiém:

iy (t) =1, pc +ip ac(t)=0,659+0,0396/2sin(2t - 92,23°)
,(t) =1, pc +iy ac(t)=0,0688v2sin(2t +76,58°)

Bai tap: Tinh cac tin hiéu dién ap. Tinh cac céng suat.



4.2. Phuong phap tuyén tinh héa xung quanh
diem lam viéc

Vi du 2: Tinh dong dau ra mang hai cra

e(t) =12 +sin(5t + 30°)V; R, = 5Q;

C =0,05F;R, =50 -

L, 1w =2i+0,3i°; K
R S e D c= || A |u
Mang hai cwa thuan tro co.

2 10
A =
{0,2 1,5}

Buwéce 1:

Khi thanh phan DC tac dong: Cac cudn day va tu dién suy bién, ta co
mach twong dwong tuyén tinh!

e iy s e Ve e S o i 21
a,R, +a,, 2.5 o SR TR RN g

R

VO




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buéc 1 (tiép): Ry ? i
| 0,923 — ;
[ s e s e e 269 R,
v 8,1 Ry +8y, 2,5 (1‘ e(t) c—— |y [A] s
Buéc 2: Xac dinh cac phan tor &
dong tuyén tinh:
L, — Lg=2+0,9i"| =2,123.
1=l pc
Buérc 3:

Giai thanh phan AC trén mach tuyén tinh twong dwong:
Le=2,123—>Z,5= j10,615— Z, =R, + Z, =5+ j10,615

Vi du gidi mach bang phwong phap téng tré vao:

a2y +a,  2(5+j10,615)+10

et s =
T Ay (B BB S

=8,838+ J0,987




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buée 3 (tiép): Ry

Phwong trinh cho dién thé nat:

. R2
: ( L Tl 1 j_ Eac ()= cT= |y [A] “2|
Da =

s A
Rl Z C Z Vo Rl

Thay so:

@, -0,3924£37,3°=0,7074£30°
— 9, =1,8044 - 7,3°(=U; »c)
Dong dau ra mang hai clra:
Ui ac 1,8044 - 7,3°

Il R = : —0,06194 —54,01°
- anZ,+a, 2(5+ j10,615)+10

Téng hop nghiém:
i,(t) =1, pc +ip ac(t)=0,369+0,0619+2 sin(5t —54,01°)



4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Vi du mach co diode: 0k
— 1
E, =12V ;e,(t) =sin(2t +15°V; R, : u = 8i +0,5i; '2“) L. &
C, =0,05F; R; =10Q; D, A
OFC
Diode c6 dac tinh nhw hinh vé. Tim cac dong CJ?
nhanh trong mach. A
Buwoce 1: R~1k

Khi thanh phan DC tac dong:

Tu dién suy bién, nguén AC “tat”, dan t&i:
Uri bc +Urs pc tUps pc —E1 =0 — >

-10m Vy4

—101;_pc +(8ly_pc +0,517 pe J+5-12=0

— 1y pc =0,387(= 13 pc)

I2_DC :O.




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buworc 2: W s
: e Rty > |
Xac dinh cac phan tw dong tuyén tinh: o) | Ry
’,B/R1 _—— G
R1—>R®:8+1,5i2‘_ — 8,225; o A
1= R1_DC ﬁ) E, CT es(t)
Buorc 3:

Giai thanh phan AC trén mach tuyén tinh twong dwong:

Vi du gidi mach bang phwong phap dién thé nut:

.(1 1 1] E,

Pa T i T

R® ZC2 R3 ZC2

> ke ¥ 5ol 0, 7074458

(N et + = :
8,225 —jl0 10 —~j10




4.2. Phuong phap tuyén tinh héa xung quanh
diém lam viéc

Buéc 3 (tiép): o ko
|
@, 0,243424,29° = 0,0707£105° 'z<t> AN
— ¢, =0,291480,71° D, A
Céac dong nhanh: ? @ e

[, ao =28 =0,03544 —99,29°
~%2* B2 _ (0645480, 71°

|2_AC B
C2

[ i % —0,0291480,71°
3



4.2. Phwong phap tuyén tinh héa xung quanh
diém lam viéc

Buwére 3 (tiép):

Téng hop nghiém:

iy (t) =1, pc +iy ac(t)=0,659+0,0396+/2sin(2t —92,23°)
,(t) =1, pc +iy ac(t)=0,0688v2sin(2t +76,58°)

Bai tap: Tinh cac tin hiéu dién ap. Tinh cac céng suat.



4.2. Phwong phap tuyén tinh héa xung quanh
diém lam viéc

Vi du mach cé transistor: Ve




4.3. Cac ham truyen dat va cong suat trong
mach phi tuyén co nhiéu tan so

Trong mach dién (tuyén tinh hodc phi tuyén) c6 nhiéu tan
sO, cdng suat tiéu thu (phat) ctia mot doan mach cé dién ap
la u(t) va dong dién 1a i(t) van dwoc xac dinh nhw trwdng
hop tuyén tinh!

— p(t) =u(t) -1(t)

— P = U0|0+ 1005(1 0.

727z

0s(p, —6,)+...

U2 |2
)+ 72!



4.3. Cac ham truyén dat va cdng suat trong
mach phi tuyén co nhiéu tan so
Phuwong phap “dat diém lam viéc” 1a mot trong nhirng
nguyén ly co ban cua mach dién t twong tw khi lam viéc
v&i cac phan tl phi tuyén!

CT) Mach dién
(phi tuyén)

tin hiéu AC

~ Tin hiéu
dau ra DC+AC

Ngudn DC nubi
diém lam viéc
PN
—»

—/
Ngudn dau vao




4.3. Cac ham truyen dat va cong suat trong
mach phi tuyén co nhiéu tan so

Pé thuan tién, cé thé dung ky hiéu cac dwong “truc” cap
nguon hoac dat:

+V 5 1

o @o— —o© 0
]
>0 q
s < 5+
4((“ 3 Y f@'o
53 (1) Mach dign s
8E (phi tuyéen) c E
«l
55 "2

r<m
z Ol @ o




4.3. Cac ham truyen dat va cong suat trong
mach phi tuyén co nhiéu tan so

Ta thwdng mong mudn tin hiéu dau ra chi chva thanh
phan AC -> dat thém tu “loc” & cbng ra!

Khi dinh nghia dwoc cong vao va cong ra, ta sé co cac
dinh nghia vé cac ham truyén dat ap/dong

Ve
@, | | O
Tin hiéu vao Mach dién Tin hiéu ra
(AC) (phi tuyén) (AC)
®_ | Q@




4.3. Cac ham truyén dat va cong suat trong

mach phi tuyén cé nhiéu tan so

\ A g u (t) U
I . k g 3 K :—2
Ham truyén dat ap : u1(t)v )

- Ham truyén dat dong: k = '_2(t) v K, 3
Il(t) |1
- Ham truyén dat lai: K, e K, g
|, U,
Ve
@, " |i_2‘20©
u(® ?S)i??ugléé nn) ua()
®. @




Chwong V: Mach phi tuyén & ché do
qua do
5.1. Cac hién twvong co ban

5.2. Cac phwong phap gidi mach phi tuyén qua do
co ban

5.3. Phwong phap tuyén tinh hoa tirng doan

5.4. Phwong phap cac bwdc sai phan lién tiép



5.1. Cac hién twong co ban

(Twong tw nhw doi véi hién twong qua dod trong mach
tuyén tinh)
« QTQ@DB xay ra khi trong mach dién co:
— Thay dbi vé gia tri ctia phan to
— Thay ddi vé ban chat cua phan to
— Thay ddi vé cau trdc ctia mach
 Haidang tin hiéu “co quan tinh” trong mach dién: dong
qua cac cudn day va dién ap trén cac tu dién.
«  Pé xac dinh gia tri trc thdi ngay sau qua do: phoi hop
hé phwong trinh K v&i 2 dinh luat vé bao toan dién tich
va bao toan tir théng.



5.2. Cac phuwong phap giadi mach phi tuyén qua
dé co ban

«  Dé gidi mach phi tuyén & ché do qua do:

— Lap hé phwong trinh mach (vi-tich phan, phi tuyén)

— Xac dinh cac “so kién” (hay con goi la cac diéu kién bién)

— S dung cac phuong phap téan hoc dé giai hé

« Cac phuwong phap kha thi trong tinh toan thu céng:

— Phuwong phéap tuyén tinh hoa tirng doan: Pwa bai toan phi tuyén
vé bai toan tuyén tinh twong dwong va dung cac cong cu tuyén
tinh de giai mach.

— Phwong phap sai phan: La phwong phap phu hop cho lap trinh
tinh toan.

— Phuwong phap can bang diéu hoa (doc tham khao)



5.3. Phwong phap tuyén tinh hoa tirng doan

(St dung chung y twdng ciia phwong phap tuyén tinh hoa
xung quanh diém lam viéc)

«  Khi diém lam viéc cta 1 phan ti phi tuyén trwot trén
moét doan thang (hodc moét doan dac tinh rat ngan) thi
phan tlr dé co thé thay twong dwong b&i mé hinh dong
tuyén tinh

- Pé ap dung kha thi phwong phap ta co hai trudng
hop:
— Pac tinh cho theo bang

— Poan lam viéc rat ngan (trong qua trinh qua dd, thanh phan qua
dod rat nho so véi thanh phan xac 1ap trwdc va sau quéa do).



5.3. Phwong phap tuyén tinh hoa tirng doan

- Khi tai thoi diém t, 1 cudn day hoac 1 tu dién phi tuyén
bat dau trwot trén mot doan (thang) lam viéc mai, ta
can xac dinh gia tri trc thdi ban dau dé tinh so kién
cho qua trinh do.

- Phuwong phap anh Laplace dung so kién (t,-) (thuan
tién hon so v&i cac phwong phap st dung so kién
(t,+) vi du nhw tich phan kinh dién, cac buéc sai phan
lién tiép,...)

- Néu di qua diém giao gitra hai doan dac tinh, ta can
“chét” cac tin hiéu trwdc khi chuyén déi sang doan dac
tinh m&i (nhw da trinh bay & trén).



5.3. Phwong phap tuyén tinh hoa tirng doan

- Vidu tinh toan: 1 phan t phi tuyén + DC>>AC
-1 phan t& phi tuyén + d&c tinh bang 2 doan
- 2 phan t& phi tuyén + dac tinh bang 2 doan



5.3. Phwong phap tuyén tinh hoa tirng doan

Vi du tinh toan: Cho mach R-L

YWh)|o 05 15

E=12V;R=10Q;L, :
(M) T

- Tai t=0: diém lam viéc cda L, tai goc O

- Tai t==: diém lam viéc cla L, tai B(1,2; 0,7)

- Nhw vay trong qua trinh qua do, diém lam viéc
da “trwot” tv O dén B doc theo dwdng dac tuyén
(di qua diém ndi A(1; 0,5)) — ta c6 hai doan thang
la OA va AB — ta sé xét dan tirng qua trinh trén
moi doan.

Poan thir nhat (OA): Tai thdi diém bat dau (t=0) ta
c0 i, (0-)=0. Trén doan OA ta co:

1,5

0,5

1

1,2



5.3. Phwong phap tuyén tinh hoa tirng doan

Mach da cho twong dwong vé&i mach tuyén tinh R-L
— nghiém cua phwong trinh (phwong phap Laplace,
tich phan kinh dién,...):

R

I(t) = %(1—e|_t] :1’2(1_6—20t)

Thoi diém diém 1am viéc cha cudn day tdi A (két thic doan OA):

i(t)=1—>t=t, =0,0896(s)

Sau dd, cudn day phi tuyén co6 diém lam viéc trwot trén doan AB:

y=1-05—>L, »Leg=y'(1)=1(H)
So kién ban dau: i, (t,) =i, (0,0896) =1

%

=®

3




5.3. Phwong phap tuyén tinh hoa tirng doan

Pé thuan tién, co thé sir dung phwong phap dich truc thdi gian: Dat
t'=t-t,. Khi do trén doan AB (t'>=0) ta c6 (phwong phap Laplace, tich
phan kinh dién,...)

i(t)=12-0,2.e7"

Quay vé truc ban dau: voi t>=t,
i(t)=1,2-0,2.-720()

Téng hop nghiém: dong qua cuén day L bang:

-

0 khi t<0
i(1) = < 1,2(1—e‘2°t) khi 0<t<0,0896

1,2-0,2.¢ 00700990 i £>0,0896



5.3. Phwong phap tuyén tinh hoa tirng doan

Vi du tinh toan: 5 N
Cho mach R-L v&i E =12V ; —ﬁx 15 oo .

YWb) 0O 05 15 ECD LXI% ([0 :

(R [0 SVardis2

uv) |0 10 15 A
i(A) |0 08 1,6 O 08112 16

>

- Tai t=0: diém lam viéc cla cudn day va dién
tré tai goc toa dd O

- Tai t==: diém lam viéc cda cudn day tai
B(1,12; 0,62), cua dién tr& tai diém D(1,12; 12)




5.3. Phwong phap tuyén tinh hoa tirng doan

- Nhuw vay trong qua trinh qua do, diém lam viéc cla cudn day da
“trwot” tr O dén B doc theo dwdng dac tuyén (di qua diém ndi A(1;
0,5)), diém lam viéc cua dién tr& da truot tir O dén D doc theo dwdng
dac tuyén (di qua diém ndi C(0,8; 10)) — ta s& xét dan tirng qua trinh
trén moi doan.
- Trwong hgp nay ta sé co 3 doan: i<=0,8; 0,8<=i<=1; 1<i<=1,12.
(trv&ng hop mach phire tap thi cé thé khoé khan trong viéc xac dinh rd
thtr tw cac doan)
Doan 1: y=051—>L =Lg=y'(1)=0,5(H)

U=12,5-i - R, ~ Rg=U'(i) =12,5(Q)
So kien: i, (0-)=0.
Nghiém: i(t) =0, 96(1— e‘ZSt)
Két thic doan 1: i(t) = 0,96(1—e 2% ) = 0,8 >t =0,0717



5.3. Phwong phap tuyén tinh hoa tirng doan

Doan 2: % o
y=051->L ~=Lg=y'(i)=0,5(H) Re  Eps
(DC)
U=6,25-1+5— R, ~(Rg=U'(i) =6,25)+(E , =5) = (D Ldg
So kién: i, (0-)=0,8

Dich goc thoi gian:  t'=t—0,0717

Nghiém:
A +0,4

0,8p+14
()=t = —-F

= Si(t)=112-0,32-¢7 12
6,25+0,5p p(p+12,5)

Két thiic doan 2: i(t)=1,12-0,32-e "™ =15t} =0,0785—>t, = 0,15



5.3. Phwong phap tuyén tinh hoa tirng doan

Doan3: y=i-05-L, =Lg=y'(i)=1(H)
U=6,25-i+5— R, ~(Rg=U'(i) =6,25)+(E , =5

So kién: i, (0-)=1

Dich goc thdi gian:  t"=t-0,15

Nghiém:

()=t e —i(t")=112-0,12.e %2

Téng hop nghiém:
) 0 khi t<0

0,96(1—e‘25t) khi 0<t<00717

1(t) =
112—0,32.¢ 125(1-00717) i 00717 <t<0,15

B10 = 0. 120 0 Sh t>0,15




5.3. Phwong phap tuyén tinh hoa tirng doan

Bai tap:
E=12V;R, =8Q;
Cudn day phi tuyén co6 dac tinh cho

theo bang:

YWhb)|o 05 15
i o 1 2

Diode cé dac tinh cho theo dé thi

AL P
Ri D,
E CD Lx’/g/
A
5| o7 >

-10m




5.3. Phwong phap tuyén tinh hoa tirng doan

Vi du tinh toan: (doan lam viéc rat nhd)

Cho mach dién nhw hinh bén, tai t=0 " ., 2 Rs
dong nhanh nguon E.. L3r§
E, =12V;R, =4Q;E, =1IV;R, =6Q;R, =8Q; 5,
L, =2i +0,5i°
- Tai t=0: diém lam viéc cla L,
e P
R +Ry 12

- Tai t==: diém lam viéc cla L, (st dung ngudn twong dwong T-N)

S, B
Ry+Rs 2,4+8 =

Coi doan dich chuyén tlr 1 — 0,731 1a “dd nhd” dé c6 thé xap xi bang mot
doan thang. Khi do ta thworng 1ay xap xi 1a doan tiép tuyén tai diém dau.




5.3. Phwong phap tuyén tinh hoa tirng doan

- Tiép tuyén tai i=1 clia dwdng dac tinh clia cudn day phi tuyén twong

(ng v&i cudn day tuyén tinh cé hé sb goc:
Lg=v'(i=1)=2+15i°=35.

Qua trinh qua dé clia mach phi tuyén khi dé dwoc xap xi véi qua trinh

qué do trén mach tuyén tinh twong dwong.

Hang so thoi gian:

T = Lot =92 =o,324—>3:3,086
Re 2,4+8 T

Nghiém cua qua trinh qua dé:

i = A+Be %' =0,731+0,269¢ >



* Vi du cho mach transistor



5.3. Phwong phap tuyén tinh hoa tirng doan

Nhan xét vé phwong phéap tuyén tinh hoa tirng doan:

- S6 lwong trwdng hop chia nhd cé thé I&n néu doan 1am
viéc dich chuyén qua nhiéu doan va cé nhiéu phan t& phi
tuyén,

- Kho thwce hién cho trwong hop dac tinh cho theo ham va
dich chuyén theo doan dai.



5.4. Phuong phap cac budc sai phan lién tiép

Y twédng clia phwong phap:

-  Khong dat van dé xac dinh ham chinh xac u(t), i(t) ma
chi can wéc luong gia tri tin hiéu tai mot so diém roi
rac ty, t;, t,,...

«  Trong thwce té khi cac diém nay cé mat dd cao ta co
thé c6 “hinh anh” cla tin hiéu twong dbi chinh xac.
«  Gidi han thém (dé don gian cac vi du tinh toan): cac
moc thdi gian dwoc dat cach déu, cu thé
t—ty=t,—t,=...=h
—>t, =t +k-h

vOi h — bwdc sai phan.



5.4. Phuong phap cac budc sai phan lién tiép

« S dung cbng thirc sai phan bac nhat: V&i h du nho:

f’(x):IAirrg f(x+AA)— f ()
_ f(x+h)-f(x)
s h
f(x)— f(x—=h)
h

12



5.4. Phuong phap cac budc sai phan lién tiép

S dung cong thirc sai phan bac hai:

f(x+2h)=2f (x+h)+ ()

h2
f(x+h)—2f(x)+ f(x=h)
o h2
f()-2f(x=h)+ f(x—2h)
Fied h2

£(x)

«  Pé md& rong: Lwu y cac hé so trong cdng thirc khai trién
nhi thirc Newton (a-b)" dé xay dwng céng thirc sai phan
bac n.



5.4. Phuong phap cac budc sai phan lién tiép

Cac buwdc cu thé cla thuat toan:

1. Lap hé phwong trinh Kirchhoff cia mach dién sau thoi diém
qua doé (ho tro cho buwéc 2, khdéng bat budc)

2. Xac dinh cdc bién (dic trueng) va Iap hé phwong trinh cho
cac bién (dac trieng) do trong mach sau thoi diéem qua do
(thwong xuat phat tor cac phwong trinh Kirchhoff).

3. Sai phan hda hé phwong trinh cac bién (d&c trwng)

Xay dwng cong thirc 18p tinh cac bién (d&c truwng)
Xac dinh céc gia tri so kién (t,+) va s dung cong thirc 1ap dé
tinh cac bwoc tiép theo.

Chu y: Bé thuan tién cho viéc xac dinh cac so kién, ta thwéng st dung
cac bién dac trwng 1a dong qua cac cudn day va dién ap trén
cac tu dién!



5.4. Phuong phap cac budc sai phan lién tiép

Vi du mach bac 1 (+ tinh cac tin hiéu khéng phai bién dac trwng)
Vi du so kién khac O

Vi du so kién AC

Vi du so kién xép chong

Vi du mach bac 2

Trinh bay vé phwong phap gidi bang sai phan bac 2

Trinh bay vé phwong phap gidi bang cac bién khac

S L A LM R S



5.4. Phuong phap cac budc sai phan lién tiép

1. Vidumach bac 1:

Cho mach R-L v6i: E =12V;R =10Q; L, : i = 2i +0,5i°
a) Tinh 5 bwéc gia tri dau tién cha i (t) vai h=0,05s & ®
b) Tinh 5 budc gia tri dau tién cua u(t).

%

il

Buoc 1: HE phwong trinh Kirchhoff
Buwéc 2: Hé phwong trinh bién dac trwng (dong i)

dy dy di
R s G R e PHI e oM gy
R-iL 0+ SRA O+
—10-i, (1) +(2+ 152 (1)): d'tL Sy

Buoc 3: Sai phan hoa (hé phwong trinh tr bwoc 2)

10-i, (1) +(2+15i2(1)) iL(”hr)]_iL(t) _12=0




5.4. Phuong phap cac budc sai phan lién tiép

Buoc 4: Cong thire lap
2+1,5i7 (t)

i, (t+h) = -h+ip (t)

Budre 5: So kién va cac budc két qua
1, (0-)=0—1,(0+)=0
i, (h)=0,3
i, (2h)=0,511
i, (3n)=0,655
i, (4h)=0,758
=TI




5.4. Phuong phap cac budc sai phan lién tiép

b) Sau khi da tinh cac bién dac trwng, ta cé thé tinh
cac tin hiéu con lai trong mach theo cac bién dac
trung.

u (t)=-R-i (t)+ E=-10-i, (t) +12

I, (h)=0,3 — u_ (h)=9

i, (2h)=0,511 — u, (2h)=6,89
i, (3h)=0,655 — u, (3h)=5,45
i, (4h)=0,758 —> u, (4h)=4,42

Bai tap: Giai bai trén khi:
1. DBac tinh cudn day cho theo bang.
2. Thay ngudn E (DC) bang ngudn e(t) (AC)

%

=®

il




5.4. Phuong phap cac budc sai phan lién tiép

2. Vi du mach bac 1 vé&i so’ kién khac 0:

2
Tinh 5 bwéc gia tri dau tién cla i 5(t) khi R, R, "
khoa dong vao tai t=0 trong mach bén. Biét L,
bwdc h=0,05s va: E(? Ezé‘D
E, =12V;R, =10Q; E, =15V; R, = 6Q;

Ry =5Q; Ly ty = 2i +0,5i°

Buéc 1: Hé phwong trinh Kirchhoff (cho mach sau th&i diém qua dé +
don gian hoéa bang Thé-ve-nin — Norton:

Urap (t) +U3(t) = Eq, =0

EsE
Rl RZ
32

R R

VO

Ray =(Ri|IR, )+ R =8,75;Eqy, = =13,875.




5.4. Phuong phap cac budc sai phan lién tiép

Buéc 2: Hé phwong trinh bién dac trweng (dong i)

: dy di
Rap -1L3(t) + d.l/j ' dL3 —En =0

I 3

—>8,75-iL3(t)+(2+1,5if3(t))-%—13,875:O

Buoc 3: Sai phan hoa

8,75-i,5(t) + (2+15i%4(1)) lts hr)1 “1a® 939750

Buoc 4: Cong thire lap
13,875—-8,75-1 5(t) _
2 +1,5i75(t)

I3(t+h) = h+1,3(1)



5.4. Phuong phap cac budc sai phan lién tiép

Budre 5: So kién va cac budc két qua

. E,
13(0-) R
—i.4(h)=0,916
— i 5(2h) =1,006
— i 5(3n) =1,078
— i 5(4h) =1,137
— ...

Bai tap: 1. Tinh mot s6 tin hiéu khéac trong mach dién.
2. Giai lai néu tai diém t=0 khéa K mé ra.
3. Giai lai khéng str dung mach twong dwong Thé-ve-nin —
Norton



5.4. Phuong phap cac budc sai phan lién tiép

3. Vi du mach c6 so kién AC: — 1/

—,
Cho mach bén véie (t) =12sin(10t)V; R, =10Q; s
L, =0,5H;R;:u="7i+0,5i° L

Tinh 5 bwdc gia tri dAu tién cda i,(t) voi buec ="

h=0,05s

Buée 1: Hé phwong trinh Kirchhoff (chiéu dong ngwoc chiéu kim dong ho)
Uy (t) +Ugs(t) =0
Bude 2: Hé phwong trinh bién dac trwng (dong i)
diL2 - -3 ré
L, s + (7|L2(t) + O,5|L2(t)) =0

Budc 3: Sai phan hoa

B hr)1 120 (7, 0)+0,5i%,(0) =0



5.4. Phuong phap cac budc sai phan lién tiép

Buoc 4: Cong thue lap — T/
7i (1) +0.5i3, (1) —Rs
L, L,
Buoc 5: So kién tir mach AC va cac buéclap e
E, 62400

=0,7594 —26,57°

| SR X
“* R +Z,, 10+j5

— i, ,(t) =0,759+/2sin(10t — 26,57°)

—>i, ,(0-) =0,759+/25in(~-26,57°) = -0,48 — i, (0+) = -0, 48
—>i,,(h)=-0,138

—>i,,(2h) =—-0,0412

—i,,(3h) =-0,0124

—>i,,(4h) =—0,00372



5.4. Phuong phap cac budc sai phan lién tiép

Bai tap: .- | /’
1. Gié‘li Iai‘ khi ’mach so kién co t]hi‘éu thanh " R
phan tan sé (vi du thém ngudn DC vao L
nhanh L,).

2. Van dé xay ra khi L, la phi tuyén?




5.4. Phuong phap cac budc sai phan lién tiép

4. Vi du mach bac 2: v’
Cho mach bén vei: E; =12V;R, =10Q; Rs
C, =0,01F; Ry =50 Ly : y = 2i +0,5i° N oL ]
Tinh 5 bwdc gia tri dau tién cua uc,(t) vais(t) e,
v@i buwdc h=0,05s
Buoc 1: Hé phuo’ng trinh Kirchhoff
15 (t) = () +15() @)
1 Uco(D—Ep+Upy(t) = 0 (2)
(Ugs(t) + U 3(t) —Uca(t) = 0 (3)

Buéc 2: Hé phwong trinh cho hai bién dac trung uc,(t) va i (t)
(2) > Uy (t) = By + Ry iy (1) = 0— 5 uc, (1) — Ey + Ry - (i (1) +is(t) ) =0

du )
—> U, (1) +R; -G, dE[:Z +R - 3(t) =F (4)

(3) >R, |3(t)+[2+15|3(t)] 2~ Ucz(1)=0 (5)



5.4. Phuong phap cac budc sai phan lién tiép

Buwoc 3: Sai phan hoa %

§ du
Uco (t) + R -G, diz

C, —
R3-i3(t)+[2+1,5i§(t)]-%—ucz(t) =20 £45) E18P

(4) > Uy ® + RC, -2 D0y g =, ()

+ Ry - 15(t) =E 4 ©

| |
-
w

(5) = Ry -ia(t) + [2 +1,5i§(t)]- 485; hg B EON Ue,(t)=0 (7)

Buée 4: Cong thire 1ap cho céc bién dac trung

(6) > tca(t+h) = A2 =R oy 9
2

: _ U (t) —Rg-15(t)
(7) > 13(t+h) = 3 +1,5i§ 0 h+i5(t) (9)




5.4. Phuong phap cac budc sai phan lién tiép

Buoc 5: So kién va cac gia tri lap
U~,(0-)=0 0+)=0 A= 2h) =...
-CZ( ) 3 U_cz( +) % U_cz() HE U.cz( ) =2
I3(0—) =0 I3(0+) =0 I5(h)=... I3(2h) =...

Chu y: Dé co cac gia tri ciia cac bwdc sau, ta can ca hai gia tri cia bién
dac trwng & budc lién truwde do!

Bai tap: Giai cac trwdng hop mach bac hai khac (L-L, C-C, L-C) vé&i cac
phan t& phi tuyén khac nhau.



5.4. Phuong phap cac budc sai phan lién tiép

Chu y: Bbi v&i cac mach bac cao, dé tinh 1 tin hiéu, ta co6 thé chuyén
hé N phwong trinh cho N bién dac trwng vé 1 phwong trinh bdc
N cho tin hiéu can tim. Tuy nhién thwc té cho thay cach nay lam
tang dang ké khdi lwong tinh toan, dic biét & phan céng thirc
lap va tinh toan cac so kién.

V@i vi du trén: néu ta mudn dwa vé phwong trinh bac 2 theo i4(t):

(5) = oo (t) = R i(t) +[ 2+ 1,53 (1) |-~ di

(4) > Ry-ig(t)+[2+15() | d't3

RO S{Rg () +[ 2+1,52(1) | ﬂm iy(t) = B

dig

> (Rt R )ig(t) +] 2+ 155 (1) + RIR,C, |2 d"ig

e
dt2 "

+RC, | 2+1,513 (1) |2



5.4. Phuong phap cac budc sai phan lién tiép

Sai phan hoa:

(R, +Ry)iz(t) +[2 +1,5i2(t) + Rlech i (t+ hg iy (1)

i, (t + 2h) — 2 (t + h) +i5(t)
h2

+RC, | 2+1,513 (1) | ~E,

Cong thire lap:

El_(R1+R3)i3(t)—|:2+115i§(t)+R1R3C2i|.i3(t+h;_i3(t) i Y
‘N® +215(t+h) -1,

I,(t+2h) =

el RC,[ 2+15(1) |

Pé dung dwoc cong thire I&p trén, ta can 2 gia tri ban dau i;(0) va iy(h):
i,(0-) = 0 — iy(0+) = 0;

(3)t—:(>) Rai; (0) +[2 () 5i§(0)] 15(h) ; 52 —Ug,(0)=0

— I3(h) =13(0) =0.



5.4. Phuong phap cac budc sai phan lién tiép

T hai gia tri ban dau:
13(0),13(h) — 13(2h)
i, (h),i5(2h) = i4(30)
i,(2h),i5(3h) — iy(4h)

Khi xay dwng hé phwong trinh cho cac bién déc trwng khac vai i (t) va
uc(t) ta khdng dwoc dam bao diéu kién bién thién lién tuc

IL(0-) =1 (0+);uc (0-) = uc (0+);

nén viéc xac dinh so kién con phuc tap hon nira.

C4u hdi: Khi nao thi gia tri cha i, (t) va us(t) khong bién thién lién tuc?
Thuc té thwdng xay ra nhw thé nao?




5.4. Phuong phap cac budc sai phan lién tiép

5. Vi du mach bac 2 véi cac bien khac %
Cho mach bén véi: E; =12V R, =10Q; . s
C, =0,01F;R, =5Q; L, : w = 2i +0,5i° Cy == s

. E
Tinh 5 budc gia tri dau tién cua iz, (t) va i s(t) 1

v&i buwoc h=0,05s

Buwéc 2: Hé phwong trinh cho hai bién dac trung g, (t) va iy (t)

. : du di
Uco (t) =—Ry - (1) + By > i, =G, dcz =-RCp —=
{ dt
di
—> 1 3(t) =gy (t) = —R,C, - dtl D)

Ry iy (1) +[ 2+1,512 (1) | d't3 E +R-i()=0 (2)



5.4. Phuong phap cac budc sai phan lién tiép

Buwoc 3: Sai phan hoa
(D) = 1 3(t) — gy (1) =—

(t+h) -1 (1)
1Co n

(2) > Ry -iy(0) +[ 2+1,53(1) | i hg e R =0

Buworc 4: Cong thaee lap o’
. (% 2

) > i(t+hy = -0 4 ) 3

e o i g p 1 E
(@) it )= AR gy

2+1,515 (1)

Buwoc 5: So kién va cac gia tri
UCZ(t) — _R1 2 il(t) 4+ El AN i1(0+) . El ¥ UC2(O+) EL El &~ ucz(O—) :1’ 2

Ry R,
I.3(0+) =13(0-) =0



Tém tat ndéi dung phan Il

1. Cac phan tlr va céac hién twong co ban trong
mach phi tuyén:

2. Ché do xac lap:
— Nguon DC: ché dé hang (phwong phap do nguorc,
db thi,....)
— Ngudn AC: ché dd dirng (phwong phap can bang
diéu hoa, phwong phap diéu hoa twong dwong)
—  Xép chong: phwong phap tuyén tinh héa x/q diém
lam viéc



Tém tat ndéi dung phan Il
Phan Ill: Mach phi tuyén (xac lap, qua do)
3. Ché dd qua dé:

— Phwong phap tuyén tinh héa: xung quanh diém lam
viéc, xung quanh diém can bang
— Phwong phap cac bwdc sai phan

— Phwong phép can bang diéu hoa



Phan IV: Pwdng day dai

Chuwong VI. Cac khai niém, hién twgng va cac hé
phwong trinh dac trwng co ban

Chuwong VII: Pwdng day dai & ché dé truyén cong
suat

Chuwong VIII: Pudng day dai & ché do truyén song



Chwong VI:. Cac khai niém, hién twong va
cac hé phwong trinh dac trwng co ban

6.1. Cac hién twvong co ban

6.2. Cac théng so dac trwng co ban clia dudng
day dai

6.3. Cac hé phuwong trinh dac trwng co ban cua
dwong day dai



6.1. Cac hién twong co ban

Puwdng day dai (mach co théng so rai) cé mot s6 hién twong, hiéu ing
ma ta da tam boé qua khi xem xét cac mach dién trwéc day.
Khi mach du “dai”, ta phai xem xét thém mét sb hién twong trong mach.
D6 “dai” cua mach dwgc so sanh voi bwéc séng cua tin hiéu trong
mach:

- >=5%: Bat budc xét

- >=1%: Nén xét

- <1%: Khong bat buéc.
So véi dwérng day dai, cac phan t&r mach “ngan” dwoc goi la phan t
tap trung, cac mach “ngan” dwoc goi la mach tap trung.




6.1. Cac hién twong co ban

C6 nhiéu mé hinh va phwong phap mé ta cac hiéu
trng cua dwdng day dai, trong mén hoc LTM2 sé s
dung md hinh 4 théng so.

x %Y i(x+Ax ) x+Ax
® > 4110} > °
— — , ,
y ig(t) yic(®
u(x,t) Gy Ax lco'AX::J u(x+Axt)
\ \




6.2. Cac thdng s6 dac trwng co ban cla dwdng
day dai

- 4 théng sb co ban cda dwdng day:
* R, (Q/don vi dai): dién tré riéng doc duwdng day.
* L, (H/don vj dai): dién cam riéng doc dwdng day.
« G, (S/don vi dai): dién dan riéng ngang dwong day.
* C, (F/don vi dai): dién dung riéng ngang dwong day.
- Phuwong phép tinh toan cac théng s6: Mdn hoc Ly
thuyét trirong dién tor cho tirng cau hinh dwdng day
truyén tai.



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Bai toan giai mach buwdng day dai: Tim cac tin hiéu
u(x,t) va i(x,t) trong mach.
- Chuy t&i sw phu thudc cua ham tin hiéu vao vi tri trén
dwong day dai.
- Pé tim cac tin hiéu ta sé xay dwng cac hé phuong
trinh mach, trong dé chu y toi:
O ché do xac lap: tap trung cho tin hiéu xoay chiéu diéu hoa
hinh sin
« O ché do qua do: tap trung cho trwong hgp dwong day dai
khong tiéu tan (R,=G,=0).



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai
- DPé lap hé phwong trinh mach, ta st dung mot doan

dwdng day ngan (Ax<<l, Ax<<5%2) nén mach dé van
dwoc coi la mach tap trunq)

R=R,-AX;L=L,-AX; G =G, - AX;C =C, - AX;

X |(X,t) RoAX LoAX

I(x+Ax,t) x+Ax
» o

— 211)
— — _ _
+ i g
u(x,t) Gy Ax lCO-Ax::l u(x+Ax,t)
\J \4
@ ®

Cha y: Con mét sd phwong phap mé ta kiéu khac, nhwng cling dan téi cac
két qua twong tw.



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

| Ry A LA

x i) 02X 02X i(HAXD)  X+AX
° > — 30 > ®

e _— . .
Vi i
uxY Gy lCO-Ax::J UocHAX Y

\ \ 4
® @

- Biéu dién cac tin hiéu dau ra theo cac tin hiéu dau vao
va théng s6 mach dién:

u(x+Ax,t) = u(xt)—u,()—-u.(t) @
{i(x+Ax,t) = 1) -i;t)-i.(t) (2



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

| Ry A LA

x i) 02X 02X i(HAXD)  X+AX
° > — 30 > ®

e _— . .
Vi i
uxY Gy lCO-Ax::J UocHAX Y

\ \ 4
® @

- Biéu dién cac tin hiéu dau ra theo cac tin hiéu dau vao
va théng s6 mach dién:

(u(x+Ax,t) = u(x,t)—(RO-Ax)-i(x,t)—(Lo-Ax)-gi(;’t) (3)
:
i(X+AX, 1) = i(x,t)—(GO-Ax)-u(x+Ax,t)—(Co-Ax)-au(xgtAX’t) (4)



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Chuyén vé dang sai phan

(U(X-I-AX,t)—U(X,t) = —R; -i(x,t) =L .@i(X,t) (5)
AX O , : ot
(X +Ax, ) —i(x,t) —GO-u(x+Ax,t)—Co-6u(X+AX’t) (6)
| = ot

- L&y tiém can Ax—0:

<réaug)i,t) SRR e 6i(a)i,t) (7)
axt) .~ _~ ou(xt)
= = —G,-u(x,t)-C, = (8)



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

Xét riéng cho trwdng hop tin hiéu xoay chiéu diéu hoa:

u(x,t) = Uy(x)-sin(at+o(x))
i(x,t) = 1,(x)-sin(et+6(x))

Anh phtrc cua céac tin hiéu:

U, (%)
72 £o(X)

i(X,t) = I,(x) -sin (ot + 6(x)) - [(x) = 2% 290

J2

(u(x,t) =U,(x)-sin(at+o(x)) — U(X)=




6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Hé phuong trinh (7) va (8) chuyén sang anh phurc:

dtgb((x) =< "=R;- |.(X) g =0 ja)lo(x) =—(R, + JoL,)- I.(X) (9)
dLE(x) = —G,-UX)-C,- jalJ (x) =—(G, + joC,)-U(x) (10)

- Déat cac bien mai:
« Tong tré phirc doc (dwdng day): Z, =R, + JolL,;
» Tong dan phtrc ngang (dwong day): Y, =G, + jawC,;



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Hé phwong trinh cho anh phtrc:
(dU (x)
< dx

di (x)
| dx

- T trén suy ra (dao ham ca hai vé 1 lan nira theo x):

(d2U (x) L iR
e AN o _(Zo Yo)U(X) (13)

d2I(x)
L dx®

= -Z,:1(0 @Y

i _Yo'U(X) (12)

WO _(7,.v,)i0 @4

_YO




6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai
- Dat bién mai:
» Hé sb truyén song: Y =Rl =0 P

- Hé phuwong trinh tré thanh:

VM _ 2409 @)
] dx
109 _ ,2ip @)
| dX

- Hé c6 nghiém (v&i cac hé sb phirc):

U(X) = Ae”™+Ae™ (17)
I(x) = Be7*+Be”* (18)



6.3. Cac hé phuong trinh dac trwng co ban cua

dwong day dai

Lién hé gitra cac hé sb (phdi hop cac phwong trinh
(17), (18) v&i cac phwong trinh (11),(12)):

dLé)((X) = (—yﬁ)e_” +(7/A2)e7x =-Z, -(Ble‘“ 4 Bzeyx)

B, = %; B, = _%

Dat bién mai: Tong tré song cla dwong day
g

o



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Pat bién mai: Cac thanh phan thuan nghich

U(x) = Ae”™+Ae” =U'(X+U(x) @17)

i) = Zie—”—zie” 10— (x)  (18)

- Quan hé gilra cac thanh phan:

U'(x) U () 7
1"(x) 1 (x) °©



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dal
- Xem xét thanh phan e-x;
)+ = Ale—ﬂ B Alejcole—(aﬂﬂ)x i) Ale—axej(—ﬂxwl)
VOIT y=+Z,-Y,=a+ A =ALy,
- Ham thoi gian twong wng:
u (xt)= \/EA&e‘“X sin (ot — Sx+ @, )

la thanh phan song thuan (tl trai sang phai) lan truyén
voi toc do

SRS



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai
- Xem xét thanh phan e*vx;
U S Aze7x had Azej(DZe(OH'jﬂ)X = Azeaxej(ﬂx"'(pZ)
VOI: =42y Yy =0+ J,B’Az = AL,
- Ham thoi gian twong wng:
u (x,t) :\/fAze“Xsin(a)t+,Bx+go2)

la thanh phan song nghich (ttr phai sang trai) lan
truyén va&i toc do

ESES



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

U(x) = Ae”™+Ae” =U'(X+U(x) @7)

o0 i SR L B S B

kl(x) i e () -1 (x) (18)

Hé s6 phan xa n(x):

00T g
Uur(x) 1"(x) A

trong do co hai vi tri dac biét:

g -2 27X
=ne

X=0:n(0) =n,

x=1:n(l)=n, =ne"



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Pau dwdng day (Cap nat 1-1°):

; i(0,0=i,() i(£ p)=i
- Dién ap: u, (t),U, - IR
- Dong dién: i(t), 1,
- Hé sO phan xa: n, 107 u(.h=uy(h
- Cudi duwdng day (Cap nat 2-2°):
. . .
. Pién ap: u,(t),U, <=0 x=
- Dong dién: L (1), 1,
» Hé s6 phan xa: n,
y i
o= >—0
& ®
x=0 x={



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Khi cudi dwdng day cb tai Z,:

s 3 5
— + R
U, = U, +U, | :
3 . ¥ y 5
|2 S |2+_|2 - e
2% .
T e U, _Y, . .
C |'+ I'— U, U, Zz@
) 2 2
Bl
n = .2 2—2 ® .
2 U |
2 2 x=0 x={
U
- 2
Zigseilet
L 2




6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Ba trwong hop dac biét:
* HOo mach: L,=0—>n,=1
 Ngan mach: Z,=0->n,=-1

« Hoa hop tai: Z,=2s—>n,=0



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Toém tat lai cac théng s6 dac trwng cia dwdng day dai
(khi dwgre cho R, Ly, Gy, C, va w):

» Tbéng tr& doc:

. Tbng dan ngang:

« Hé so truyén song:

« Van toc truyén song:
 Téng tré song:

« Hé sb phan xa:

Z,=R,+ Jol,
Y, =G, + JoC,

7:\/Zo'Yo =a+ |f
a
V:E
e
7% Yo

h(x)_lJ‘(x)__[‘(x)_n Z,-Z

U ST N e e e 2,



6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

Mt s nhan xét:

« Toc dé truyén séng la mdt ham cla tan sé nén dan téi hién
twong méo tin hiéu.




6.3. Cac hé phuong trinh dac trwng co ban cua
dwong day dai

- Dién kién dé chdng méo tin hiéu: Khi van tc truyén séng khéng
phu thudc vao tan sé, vi du:

Ry, _Gy _
o
—>7:\/ZO‘YO :\/(R0+ ja’Lo)(Go+ ja)Co):\/L0°C0 (k+ ja))

S B=Im() =, Cy sv=2=1

P Y, I—o 'Co ’ ’
« Phwong phap Pupin héa: Ta chon mét trong bon thong s6 cua
dwong day dé thay ddi, thue té hay diéu chinh L, nhat bang cach
bl thém Lp,;, trén moi don vi dai clia dwong day!

RoiGo_) Ro :Go_) :Ro'Co_
Pupin
LO CO LO + I—Pupin CO ; GO

i



Chwong VII: buong day da & ché do
truyén cong suat

7.1. Hé phuwong trinh hyperbolic cia dwdng day
dai

7.2. Ma tran A twvong duwong cua dwdng day dai

7.3. Giadi mach dwdng day dai don trong ché dd
truyén cong suat

7.4. Gidi mach nhiéu dwdng day trong ché dd
truyén cong suat



7.1. Hé phwong trinh dang hyperbolic cua
dwong day dai

Cac nghiém cua cac hé phwong trinh mach duwdng
day dai co chtva cac thanh phan eVx va evx

Dang da trinh bay & phan trén chwa thwec sy thuan tién
cho tinh toan trén dwong day.

Ta xét nghiém & dang (v&i x — khodng cach t&i dau
duong day) U (x) =M cosh(yx)+ Nsinh(yx)

i (%) |

> ®
3

x=0 X x={



7.1. Hé phwong trinh dang hyperbolic cua dwdng
day dai

- Khi dé dong dién duwoc tinh theo:
dU (x)

v yM sinh(yx)+ yNcosh(yx)=~-Z,-1(X)

— 1(x) :—ZMsinh(yx)—Zﬁcosh(yx)

C C

- Tai diém dau dwdng day (x=0)

S N — ) .
1(0) = —Z_ = =Z-1(0)==Z -,




7.1. Hé phwong trinh dang hyperbolic cua dwdng

day dai
- T dé ta co (biéu dién theo dang B):
U(x) = U,-cosh(yx)—I,-Z.-sinh(yx)
e —U1°%°Sinh(7/X)+ I, -cosh(yx)

- Tai diém cudi dwdng day (x=I) (biéu dién theo dang B)

\

U,=U(l) = U,-cosh(yl)~1,-Z-sinh()

U, -Ziosinh(yl)+ I, -cosh(y1)

C

1, =1(1)



7.2. Ma tran A tvong dwong cua dudng day dai

- T dé suy ra biéu dién theo dang A (v&i x la khoang
cach t&i cudi dwdrng day)
U(x) = U,-cosh(yx)+1I,-Z. -sinh(yx)
1

1(x) = UZ-Z—-sinh(;/x)+I'zocosh(yx)
C

\

- Tai diém dau dwdng day (khoang cach dén cudi
dwdng day x=I) (biéu dién theo dang A)

U, = U,-cosh(y1)+1,-Z. -sinh(y1)

[ UZ-Zi-sinh(yl)JrI°2-cosh(7xl)

L C



7.2. Ma tran A tvong dwong cua dudng day dai

Ma tran A cua duwdong day dai:

o> . _ >—0
cosh(yl)  Z.-sinh(y1)]
AT i-sinh(yl) cosh (1) ~

v _Zc | A

® @

10 1 - x=(f
[ mmmmmmmmmmm e mm e e e — i i i,
l:J1 Uzl ’ 01 | [A] l L.J2

X:O S T T T TTTTTT ST T T T TS T T T T TS - x:f




7.2. Ma tran A tvong dwong cua dudng day dai

- Kbhi ta thay dwdng day dai bang mang hai ctra cho

theo ma tran A, ta sé dwa dwoc bai toan mang co6

théng so rai (dwong day dai) vé bai toan mang tap

trung va hoan toan cé thé str dung cac phuong phap
da biét dé giai mach tim cac tin hiéu & dau va cudi
dwdng day (cling la dau vao va dau ra clia mang hai

cura).



7.3. Giai mach duwdng day dai don trong ché do
truyén cong suat

- Nhac lai mét s6 phwong phéap gidi mach c6 mang hai
ctra (cho theo ma tran A):

 Thay twong dwong mang hai clra cho theo A bang mang hai

ctra chi* T hoac I. B 3
TRy zl+zz+zlz'Z2
|u ; Zs§ | U A= 1 . 7 ;

: e 39 1_|__2
| kL . | . w45 Zs
Unl [A] \Uz
A R o ] it Z
1 23
u : S22 d N u A:
N (AT s 7
! + +
. : . | Zy L3 ZyZ3 Z,




7.3. Giai mach duwdng day dai don trong ché do
truyén cong suat

S dung cong thirc tdng tré vao khi ctra ra chi co tai tuyén tinh
(chu y cac trrdng hop dac biét nhw ngén mach, h& mach, hoa

hop,...):
> > L —
Iy > Iy Z h a1122 + a12
_ _ _ vuo
|u1 [A] 0, zz§ «—> \uq Zvao§ 812, + 8y

Z, Zas g
Y B Ay e §
" ayZ, +ay
O 0, [A] u| —» i G
7% A2y + 8y
a
. - . S Ay1Zq + Qg




7.3. Giai mach duwdng day dai don trong ché do
truyén cong suat

Vi du mach 1 phu tai:

[A]




7.3. Giai mach duwdng day dai don trong ché do
truyén cong suat

Z1
N> >-o
|1 |2
| (T E, JU1 Uzl Z2§
& _
Z, 2.
N—e> > N—
] 2 ly
CT E, l01 [A] Uzl 2 § — (1‘ E, JL:H Zvéo§
@ & Py
= Z s
R
Zvuoza11§2+3-12 afe, 1 : Vo _){.2_— AN
Rl LRy 2 E, I, =
Zl+ZVluo




7.4. Giai mach nhiéu dwong day trong ché do
truyén cong suat

Vi du mach 2 nhanh dwong day song song:




7.4. Giai mach nhiéu dwong day trong ché do
truyén cong suat

Vi du mach 2 dwéng day ndi tiép:

Z,
N> >-e -> o
Z,
r ®e o ul N | 0| Nz
Pudng day 1 Dudng day 2
@ & & .
Z, z,
m\ e >-e >
4 I 4
Zy |Zvao2
(T E1 U1 U2 § § q (T E»] U1 Z §
Dudng day 1 R




Chwong Vlll: Bwong day dai & ché do
truyén song

8.1. Buong day dai khong tiéu tan va hién twong
song chay trén dwong day

8.2. M® hinh Petersen cho séng danh té&i cudi
duwong day don

8.3. Giai mach dwdng day dai don trong ché dd
truyén song

8.4. Giai mach nhiéu dwdng day trong ché dd
truyén song



N

Chuong VIII: Dwong day dai & ché do
truyén song

Qua trinh qua dé trén dwdng day dai ta tam xet cho
dwong day khong tiéu tan (R,=G,=0):

» Trong mach tan sé cao (w rat I&n):;
ZO:RO-l- JC()LO ~ ja)l—o_)RO ~0
YO :GO-I- JC()CO ~ JQ)CO _)GO ~0

- Trong mach truyén cong suat: Viéc gidm dd chinh xac cho phép
ta c6 thé dé dang tinh toan hon nén tam chép nhén.




8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

Puwdng day dai khéng tiéu tan co cac théng sé co ban
tinh toan don gian hon:

« Tong tré doc: Z, = jol,

« Téng dan ngang: Y, = joC,

+ HésoOtruyénsong:  y=./Z.-Y, = joL,C, > a =0;8=wL,C,
1

e

« Tdng tré song: Z, = LY r -1 dién tré thudn
CO

X X A 7 (0
 Vantoc truyénséong: v=—=




8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Hé sb6 phan xa:

S0 Rz

=0 T "2, 2,

- Mang hai ctra:

- cosh(yl)  Z.-sinh(y1)

2 Zi-sinh(yl) cosh (1)

c

cos(Al) j-Zc-sin(pl)
j-Zi-sin(ﬂl) cos(Al)

C




8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- M6t sO nhan xét vé cac thédng sb cia dwdng day
khong tiéu tan:

Téng tré song la sbé thwe (thanh phan do bang 0) nén twong
dwong voi dién tré thuan.

Van toc truyén song khdng phu thudc vao tan sé nén dwdng
day khéng tiéu tan cling la dwong day khéng meo.

Puwdng day khdng tiéu tan sé cé cdng suat tiéu thu trén
dwdng day bang 0.

Tin hiéu truyén trén dwérng day khong tiéu tan chi bj “tré”
(hay hé s6 pha thay déi) chir khéng bi suy gidm céac bién do:

Vv



8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Pé don gidn hoa, ta tam xét cac trwong hop sau:
 Qué do khong co so kién (cac so kién bang 0).
e Song trén dwdng day duoc “tao” béi:
= PAng ngudn dau dwdng day

= Sét danh tai mot diém trén dwong day.



8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Ta chia cac hién twong can xem xét thanh 2 nhom:
« Cac hién twgng xay ra khi séng dang chay trén dwdng day

« Cac hién twong xay ra khi song t&i 1 diém nat nao do (cudi 1
dwdng day, diém nbi gitra cac dwong day, diém ndi cac tai
vao dudong day)



8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Cac hién twong xay ra khi séng dang chay trén
duwong day:

Do dwdrng day khong tiéu tan nén chi cé hién twong tré:

I 1
Ug (t) =u,(t — At) At =28 V=

Vv FLeES
- Tuy theo chiéu cla séng chay, méi séng trén dwdng day la
mot thanh phan thuan hodc nghich nén gitra dong va ap cua
song chay van cé lién hé (lwu y do Z.. 1a thuan tré nén quan
hé c6 thé cho dwoc theo ham thdi gian)

u"(x,t)=2Z.-i"(x,t);u” (x,t) =2Z. -1 (x,t)




8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Cac hién twong xay ra khi séng danh téi diém nbi:
M6t phan nang lwong clia song sé “khdc xa” vao hé thong
ghép ndi vao dwong day
M6t phan nang lwong sé tao thanh séng “phén xa” lan truyén
nguwoc tré lai
- Néu cudi dwérng day chi 1a tai thi phan nang lwong
khuc xa sé tiéu tan trén tai do
- Néu cudi dwdng day con céd cac dwdng day khac noi
vao thi mét phan nang lwong khuc xa sé tao thanh 1
séng m&i & dau cac dwdrng day phia sau (nén song
nay dwoc goi la song khuc xa)




8.1. DPwong day dai khong tiéu tan va
hién twong song chay trén dwong day

- Bai toan co ban:

« Cho biét cac thdng s6 clia dwdng day va cta song danh toi
trén dwdng day do, cho biét cac thong sb cia hé thong ghép
ndi trén dwong day.

« X&c dinh thanh phan phan xa va thanh phan khuc xa (dong

va ap)
Uei(t)
Bai toan co ban co thée -71:
dwoc gidi bang mo hinh . —-e-
'p_xa(t) i i)
Petersen!

u

(t)

p‘:FK Uty Zo

v

Duwong day dai

.




8.2. Md hinh Petersen cho séng danh t&i cudi

dwong day don

- Khi s6ng danh t&i cudi dwdng day ta co:

U, (X,t) = u"(xt)

U (x,t) = u (xt)

-

- Do tong tr& séng Z la thuan tré nén:

%

- Theo phuwong

— 3

{uﬁi(x,t) = 2l 6D

up_x,(x,t) = ZC-ip_X,(x,t)
trinh truyén song tai diém cuoi:

Uy (t) = Uy (D) +up,. (1)

() = g (L) =i, (1,1)



8.2. Md hinh Petersen cho séng danh t&i cudi
dwong day don

- Tw hai phwong trinh trén suy ra:

— C6 thé xay dwng md hinh mach twong dwong md ta quan
hé trén nhw sau (md hinh Petersen) trong dé moc théi gian
t=0 13 th&i diém song danh téi cudi dwdng day!

Ui(t)
=4

A—eo—>
bhxa® igi® (b Z- i(t)
up.xa (t) 7 % 5 . Q
:Fl uy(t) 42 § e CT Ut (t) uy(t) <2 §
Y \ 4
Duworng day dai
&




8.2. Md hinh Petersen cho séng danh t&i cudi
dwong day don

- T mé hinh Petersen ta c6: Cac hién twong xay ra tai
cudi dworng day twong tw nhw viéc déng 1 nguon dién
ap e(t)=2u,,(t) co dién trd trong bang Z. vao mach tai
cudi dwdng day.

— Néu tai cudi dwdrng day 1a tai tuyén tinh thi ta sé sy
dung cac phuwong phap gidi mach tuyén tinh (vi du
phwong phap anh Laplace,...)

— Néu tai cudi dwdng day 1a tai phi tuyén thi ta sé st dung
cac phwong phap gidi mach phi tuyén (vi du phwong
phéap tuyén tinh hoa tirng doan, phwong phap sai
phan,...)




8.3. Giai mach dwong day dai don trong ché do6
truyén song

- Vi du minh hoa:

tai don thuan tré,
tai don bao vé don,
bao vé kép,

tai bién ap,

Al ORISR

tdi cdm phi tuyén, ...
- Chuy cac trwong hep dac biét: Z,=0, Z,=«~, Z,=Z,,
Z,=R.,.



8.3. Giai mach dwong day dai don trong ché do6
truyén song

- Vi du minh hoa “tai thuan tr&”:
Xét Uy, (t) =1000-1(t)(KV ); Zc =1000; R, =150,

Do Z. cling la dién tr& thuan nén cé thé tinh ngay két qua:
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5 Upy o (8) = Uy () — Uy (£) = 200 - 1(1)



8.3. Giai mach dwong day dai don trong ché do6
truyén song

Vi du minh hoa “tai thuan tré” dwoc bao vé don bang tu dién
Xét U, (t) =1000-1(t); Z =100€%; R, =150Q;C, =0, 2F.
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8.3. Giai mach dwong day dai don trong ché do6
truyén song

St dung phuong phap anh Laplace:

Uz(p)[iJr pC, +i] _ 2U4i(p)

Zc R, A
20
—>Uz(|0)(0,2p+0,0167):F

20
p(0,2p+0,0167)

— U, (t) =1200 —1200e 953

—>U,(p) =

Nhan xét: Dién ap trén tai R, van tang I1én 1200kV tuy nhién tang dan
dan (theo ham mi), khac véi trwdng hop tang dot ngodt theo
ham bwd&c nhay khi khéng c6 phan tlr bao vé.



8.3. Giai mach dwong day dai don trong ché do6
truyén song

Bai tap: Xét u,(t) =1000-1(t); Z. =100Q; R, =1500; L, =0,4H.
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8.3. Giai mach dwong day dai don trong ché do6
truyén song

Bai tap: Xét u,,;(t) =1000-1(t); Z. =100Q;R, =150Q; L, =0,4H;C, =0, 2F.
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8.3. Gidi mach dwdng day dai don trong ché dd
truyén song
Bai tap: Xét u,;;(t) =1000-e %" .1(t); Z. =100Q;R, =150Q;
L, =0,4H;L, =0,8H;M =0,5H.
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8.3. Giai mach dwong day dai don trong ché do6
truyén song

Bai tap: Xét Uy (t) =1000-e7 " -1(t); Z. =100Q;R, =150Q;

L, :y =2i+0,7i°
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8.4. Giadi mach nhiéu dwdng day trong ché do
truyén song
Mé& réng bai toan dwdng day don: Khi cudi 1 dwérng
day, ngdai cac phan tl tap trung ta cé thém 1 hodc nhiéu
dwdng day dau noi tiép.

— Khi séng danh t&i cudi dwdng day thie nhat, mét phan nang lwong
khic xa sé tao thanh séng khtc xa bat dau chay tr dau dwong
day thtr 2. Déng thdi ta c6 Uy 4 xa(D)=Zcol 1 xa(D)

— Khi xét cac hién twong séng danh t&i cudi dwdng day thi nhat, ta cod
dwdng day phia sau twong dwong v&i 1 dién tré thuan co gia tri
bang téng tré séng clia dwdng day thir 2. Vi vay trong mé hinh
Petersen, dwéng day phia sau sé c6 thé dwoc thay bang 1 dién
tré twong duong.

— Né&u tai diém ndi c6 nhiéu dwdng day: Méi dwdng day déu dwoc
thay bang téng tré& song ctia minh.



8.4. Giai mach nhieu duwong day trong ché do6
truyén song

- Trwdng hop hé thong dién phirc tap: Ta tinh toan tuan
tw theo qua trinh lan truyén ctia song:

« Khi s6ng chay trén dworng day: chi co hién twong tré

« Khi séng chay t&i 1 diém ndi co tai hoac cé duworng day khac:
st dung md hinh Petersen dé tinh thanh phan khuc xa, sau
do 1a tinh thanh phan phan xa.

« Khi trén dwdng day c6 nhiéu thanh phan séng (do hién
twong phan xa va khac xa nhiéu lan) thi gia tri tee thoi cta
dién ap va dong dién tai 1 diém trén dwdng day sé bang tdng
dai so cac thanh phan (tinh chat xép chong)



8.4. Giadi mach nhiéu dwdng day trong ché do
truyén song
—  Vidu: hai dwdng day ndi tiép
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8.4. Giadi mach nhiéu dwdng day trong ché do
truyén song

—  Vidu: hai dwdng day ndi tiép
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8.4. Giai mach nhieu duwong day trong ché do6
truyén song

—  Vidu: nhiéu dwdng day ndi tiép
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8.4. Giadi mach nhiéu dwdng day trong ché do
truyén song
- Phan xa nhiéu lan (+ vi du trwdng hop dac biét tai
thuan tr@, h& mach, ngan mach, hoa hop tai,...)



Tong két mén hoc va huwdng phat trién ©



